Vol. 3 
JOURNAL 
T OF THE 


‘st AMERICAN WATER WORKS 


cam 

Pug core 

Slope an APRIL 1946 No. 4 


materigfol. 38 


land 1 
een 1.6: A 
ively im- 
ing Utility Employees’ Profit-Sharing Plan. By A. P. Kuranz ........... 451 
materia | Municipal Water Works Organization in New York State. By E. J. 
$ Opinio City Ordinance Against Cross-Connections. By H. H. Caswell .....-. 460 
ter som Cross-Connections and Back-Siphonage. By Andrew T. Dempster .... 465 
aa Inspection of Water Works Materials. By H. Arthur Price ........-. 42 
hion lle Carvin’s Cove Water Supply Project for Roanoke, Va. By Louis R. 
ged at all Howson 4 
- reduced A Wartime Capital Improvement. By W. S. Mahlie and Uel Stephens 491 
‘ 1 
0’, which A Study of Corrosion Control With Sodium Hexametaphosphate. By 
— Water Quality and Pollution Control in Western Pennsylvania. By 
itt New Developments in Water Rates. By Charles H. Capen Jr. ........ 525 
Chicago’s Sale of Water to Outside Municipalities. By William A. 
48: 5: 39 Water Problems in Saskatchewan. By J. G. Schaeffer ............... 537 
| Alaska Tentative Standard Specifications for Cold Water Meters—Current 
ed sound Tentative Standard Specifications for Cold Water Meters—Compound 
» at heel West Palm Beach, Florida—Survival and Retirement Experience With 
Pipa 
| surplus 
All correspondence relating to the publication of papers should be addressed to i : 
Harry E. Jordan, Secretary 
500 Fifth Avenue, New York 18, N. Y. 7 
$7.00 of a member’s dues are applied as subscription to the JOURNAL. 
Additional single copies to members—50 cents 
Single copies to non-members—75 cents 


oP 
i 
y 
7 
bec 


— — 


= 
O 
© 
[oa 
uJ 
a 
= 
c 
co 
= 
ce 
<r 


NORMAL CHLORINATION 


1940 | 1941 42 | 1943 
TT 
é 
f| Bi 
/ 
me 


BREAK-POINT CHLORINATION 
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Charted above is half of a double- 
barreled story of Break-Point 
Chlorination in action. 


First, improved coagulation and 
longer filter runs resulted in a sav- 
ing in chemical costs of ten cents 
per million gallons treated. And 
second, the free available chlo- 
rine residuals maintained through- 
out the system by Break-Point 
Chlorination reduced gas-formers 
in the finished water 99.2%. 


This case shows what Break- 
Point Chlorination can accom- 
plish. Call your Wallace & Tiernan 


Representative today for further 
details. He'll be glad to show you 
from actual experience — how it 
can give your community a safer 
water — often at lower cost. 


BACTERIOLOGICAL DATA 
NORMAL 
CHLOR. CHLOR. CHANGE 
Tetel Bact. per mi (evg.) 
Row see 399 —32.1% 
Filtered 1 1 0 
Finished 1 1 ° 
(Indiceted Number) 
Ges-Forming Orgonisms 
per 100 mi 
Row 70.00 63.07 — 7.0% 
Filtered 89 .02 -97.7% 
Finished 003 -99.2% 


‘The Only Safe Water is a Sterilized Water” 


WALLACE & TIERNAN 


COMPANY, INC. 


MANUFACTURERS OF CHLORINE AND AMMONIA CONTROL APPARATUS 
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Utility Employees’ Profit-Sharing Plan paid 


By A. P. Kuranz 


Mgr., Water Utility, Waukesha, Wis. 


A contribution to the Journal 


HE idea of employees sharing in and the rate making device are under 
the profits of a manufacturing plant — the control of the Public Service Com- 
rany private business is not new; it mission of Wisconsin, one of whose 
as been established with varying de- chief duties it is to see that the cus- 
ees of success, depending upon many tomer gets the best possible service at 
actors. The plan adopted by Wau-_ the least possible cost. Because the 
kesha, which provides that employees Public Service Commission is in that 
tare in the profits of a municipally position, public utilities can operate 
wned utility or service, however, is more or less on what might be called 
hw. To our knowledge, there is no the private enterprise basis. Section 
ther plan like this in effect anywhere 66.06 of the Wisconsin Statutes is — 
nthe country. quite clear with reference to the estab- 
In developing this plan, there were lishment of governing bodies operating | 
objections encountered which municipally owned utilities, particu- 
night be considered deterrents. Par- larly Sec. 10, “Management,” and Sec. 
ticularly outstanding was the argument 11, “Charges,” which read in part as — 
that municipally owned utilities are, follows: 
iter all, owned by the community-at- 
age, and therefore any division of 


Sec. 10.—Management. (a) In cities 


. . owning a public utility, the council shall, 
ofits would in a sense deprive the 
of citl and in towns and villages owning a public 

utility the board may, provide for a non- 


tigher return to the city's general fund. partisan management thereof, and create 
he state of Wisconsin is fortunate in for each or all such utilities, a board of 
ne operation of its publicly owned three or five or seven commissioners, to 
utilities in that the regulatory features take entire charge and management of 
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4520 
such utility, to appoint a manager and 
fix his compensation and to supervise the 
operation of the utility under the general 
control and supervision of the board or 
council. 

(b) The commissioners shall be elected 
by the board or council for a term, be- 
ginning on the first day of October, of 
as many years as there are commissioners, 
except that the terms of the commis- 
sioners first elected shall expire succes- 
sively one each year on each succeeding 
first day of October. 

(c) The commissioners shall choose 
from among their number a president and 
a secretary. They may command the 
services of the city engineer and may 
employ and fix the compensation of such 
subordinates as shall be necessary. They 
may make rules for their own proceedings 
and for the government of their depart- 
ment. They shall keep books of account, 
in the manner and form prescribed by the 
public service commission, which shall be 
open to the public. 

Sec. 11—Charges. (c) The income of 

a public utility owned by a municipality 
first be used to meet operation, 
maintenance, depreciation, interest and 
sinking fund requirements, local and 
school tax equivalents, additions and im- 
provements, and other necessary dis- 
bursements or indebtedness. Income in 
excess of these requirements may be used 
to purchase and hold interest bearing 
bonds, issued for the acquisition of the 
utility, or bonds issued by the United 
States or any municipal corporation of 
this state, or insurance upon the life of 
an officer or manager of such utility, or 
may be paid into the general fund. 


shall 


It will be noticed from these sections 
of the statute, that first of all, munici- 
pally owned utilities are to be under a 
nonpartisan management and that they 
have the power to fix wages and 
salaries of the manager and employees. 
Section 11 (c) clearly stipulates what 
shall be done with the income of a 
municipally owned utility. It follows 
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very readily that if the utility comm: 


sion were out of line in establishj 


wages and salaries it would be reflects 


in the operation of the utility and, eo, 
sequently, the Public Service Commi 
sion would be in a position to raise 
question. It also seems reasonable thd 


a profit-sharing plan is entirely prope 


and the only objection to it might \ 


that it would upset the rate structyr 


and again, the Public Service Commi: 


sion would be interested in this phag « 


of it. 

In considering such a plan, therefor 
it was felt that if the arrangements dj 
not in any way affect the final ra 
structure there could be little objectio 
from any source. This was reasone 
to be particularly true in the case , 


the water utility in Waukesha. Sing - 


the commission had established i 
financial program on the law as pr 
pounded in Sec. 11, in that proper pr 
visions were made for local and scho 


taxes, which are assessed again thd ; 


utility on the basis of capital invest 
ment less depreciation, the utility is on 
the same basis as that of other manw: 
facturing plants, so that the taxes the 
utility pays the city are on a basis ex- 
actly the same as if the utility wer 
privately owned. Since the city, in th 
early days of the acquisition of the wa- 
ter utility, had invested funds throug) 
bond issue, it seemed reasonable that 
dividend should be paid on this invest 
ment. This, too, is part of the financial 
setup in the case of the Waukesh 
Water Utility. In addition to this, a 
agreed upon sum, which varies fro 
year to year, is paid to apply on th 
city’s equity in the plant. 

Since the Public Service Commis 
sion of Wisconsin has taken the stan! 
supported by Statute 66.06 (11c), thal 
a utility, even though municipal) 
owned, is entitled to a fair rate on it 


commi: 
Stablishiny 
reflects, 
and, cop 
Commis 
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‘avestment, and if the utility rates are 
ach that a profit is made, surely those 
who are in immediate charge of oper- 
ating the utility have had much to do 
with making this profit possible. 
There, then, follows the line of reason- 
ing that the employees are directly re- 
sponsible for making this profit and no 
valid reason can be presented against 


Structurd their sharing in the fruits of their labor. 


Commis 


With that idea developed to its logi- 


his phag al conclusion, it seemed feasible, just 


and morally correct that the employees 


thereford should share in this profit. The next 
nents dif step was to determine the basis upon 
final raif which such profits should be shared, 
objectiof and the plan of using the employees’ 
reasonef salaries and wages was the beginning 


> case 
1. Sine 


wint. The determination of the total 
ymount was carefully studied and ar- 


shed if rived at, on a very arbitrary basis, and 


prot | 


t can be argued that there is no jus- 


per prof tifiable reason for doing it as it is done. 
id schol Since the idea was so new, however, 
yain thf and since there was no pattern to fol- 


invest] | 


ow, it was decided to make a_ bold 


ity is on) move and the following motion was de- 
r mant{ veloped and put into effect covering 


axes ¢ 
aSIS | 
ty were 


he earnings for the years 1944 and 
945 : 


y, in th} Waukesha Water Utility’s Employ- 


the wa- 
throug! 
e that 

invest 


ees Profit-Sharing Plan 


THAT, the employees shall share in 


the net income of the Waukesha Water 
Utility as determined by the auditors en- 


inancla) caged by the Water Utility Commission 


this, ar 
from} a 


ach year. 
THAT, the net income will be the 
mount remaining after retirement ex- 


on th} penses, local taxes and dividends on the 


ommis 
stand 
thal 
cipal) 


ity equity have been deducted. 
THAT, the employees share on the 


basis of 4 per cent of this net total, but 
that no employee’s share shall exceed 
$200 per year. 


THAT, each employee who has been 


on I} with the Waukesha Water Utility for a 


period of six months during the year 
in which the plan is effective, share on 
the basis of his total wages and salary, 
including the Salary Savings Plan now 
in effect for most of the employees of the 
Waukesha Water Utility. 

THAT, said profit-sharing payment 
shall be made after the auditors engaged 
by the Water Utility Commission have 
made their report. 

THAT, the plan shall be considered as 
part of the wages and salaries paid to 
each employee. 


It will be noted in the third para- 
graph that the figure 4 per cent of the 
net total was used, which is the figure 
referred to as “arbitrary” in a previous 
paragraph. One other feature of im- 
portance was that a limit of $200 per 
year was established because, since 
most municipally-owned utilities have 
one or two, or at least only a few, top- 
paid employees, there might be a feel- 
ing of inequality among the employees 
themselves and certainly from the em- 
ployee’s angle a much better feeling 
would be created if the top-salaried men 
would be limited in their share. The 
total amount set aside under the plan, 
however, did not vary, so the amount 
that the manager and other top paid 
employees did not receive according to 
the sharing set-up was redistributed 
among the lower paid employees, so 
that in Waukesha’s case the effect of 
the profit-sharing plan was a salary in- 
crease ranging from 3.6 per cent for the 
high-paid employees to about & per 
cent for the low-paid employees. The 
payment of the profit-sharing is made 
after the State Tax Commission audi- 
tors have completed their audit and 
after the utility’s reports have been 
made to the Public Service Commis- 
sion. These checks are issued within 
a few months after the close of the year 
in which the plan is effective. 


— 


Up to this point, all of the activity 
originated with the local water utility 
commission and proper action was 
taken to put the plan into effect locally. 
After this was done and the provisions 
of the employees’ profit-sharing plan 
carried out on the basis of 1944 earn- 
ings, the plan was discussed with the 
Public Service Commission and after 
several exchanges of correspondence 
and visits to the Public Service Com- 
mission, attention was called by the 
Commission to Sec. 196.11 of the Wis- 
consin Statutes, which is as follows: 


Sec. 196.11.—Profit Sharing and Slid- 
ing Scales. (1) A public utility may 
enter into any reasonable arrangement 
with the customers or consumers or with 
its employees, for the division or distri- 
bution of its surplus profits, or providing 
for a sliding scale of charges or other 
financial device that may be practicable 
and advantageous to the parties inter- 
ested. No such arrangement or device 
shall be lawful until it shall be found by 
the commission to be reasonable and just 
and consistent with the purposes of this 
chapter. Such arrangements shall be 
under the supervision and regulation of 
the commission. 

It must be confessed that the statute 
apparently did provide the local water 
utility commission with legal authority 
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to put the plan into effect, so the Pybj 
Service Commission thought that 
public hearing should be held on th 
plan and set the date of the hearing {i, 
Nov. 20, 1945. On January 15, 194 
the utility received the following fron 
the Public Service Commission of Wi 
consin: 


Pusiic SERVICE COM MISSION OF 
WISCONSIN 


The Commission Finds and Deter. 
mines: That the employee profit-sharing 
plan of the Waukesha Water Utility. 
discussed above, is reasonable and jy 
and consistent with the purposes 
Chapter 196 of the Statutes. 

Dated at Madison, Wisconsin, this 15 
day of January, 1946. 


This finding and determination, ; 
course, provided the legal authority 
make the plan legally effective and j 
gave much support to the local wate 
commission. If the net result. of th 
plan as originally intended works ow 
to any degree of success, the local wa- 
ter commission feels very strongly tha 
it may become a permanent plan; a 
least the water utility commission feel 
that the plan should create not onl 
better public relations but also better 
employee-manager relationships. 
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ECAUSE municipal water works 

organization in New York State 
is so dependent upon the laws of the 
state, an examination of the laws them- 
slves tells much of the story of the 
methods of management. 

The type of organization varies with 
the type of political subdivision oper- 
ating it. New York has four classifica- 
tions of political subdivisions, namely 
(1) cities, (2) villages, (3) towns and 
(4) counties. The cities generally 
operate under special charters. Their 
provisions cover such a wide range of 
conditions that they are too extensive 
to merit more than passing reference 
here. Generally the charters stipulate 
the method of management of all func- 
tions of the municipal corporation. 
Villages can be divided into two gen- 
eral groups, namely, those incorporated 
and controlled by a mayor and board of 
trustees, with or without a village man- 
ager, and unincorporated _ villages. 
There are provisions in the law for the 
establishment of water districts. These 
may be formed in any political subdi- 
vision of the state except a city. It is 
customary for towns and unincorpo- 
rated villages to establish water dis- 
tricts to serve their inhabitants. Such 
districts may embrace all or parts of 
more than one village, town or county. 
There are no town or county operated 


Municipal Water Works Organization i in 
New York State 


By E. J. Rowe and C. A. Engelder —_ 


Supt., Water & Light Dept., 


Accountant, Water & Light Dept., and Secy., Tri-County Water Works Group, 
Wellsville, N.Y. 


Prepared for the A.W.W.A. Committee on Municipal Water Works Organization 


Wellsville, N.Y. 


water systems, as such, in New York. 

The formation of political subdivi- 
sions is regulated by two general laws: 
the “general municipal law” and the 
“village law.” 

The general municipal law relates to 
all subdivisions, whether cities, coun- 
ties, towns or villages. It defines anc 
states their rights, privileges, limita- 
tions and liabilities as municipal cor- 
porations. This law is confined to 
such legislation and statutes as relate 
to more than one division. The estab- 
lishment of water districts is within the 
provisions of the law, which also con- 
tains the necessary provisions for the 
operation of a Mutual Aid Plan for wa- 
ter service and interconnections be- 
tween systems. 

The village law contains specific pro- 
visions as applied to incorporated vil- 
lages. it authorizes the creation of 
separate boards of commissioners to 
control public utilities, ete. Such 
boards are appointed by, and subject to 
removal at the pleasure of, the govern- 
ing body of the municipality. When 
authorized by resolution adopted by the 
governing body and approved by ma- 
jority vote of property owners, the 
board of commissioners may acquire, 
buy or construct a water system. The 
establishment of rates, rules and regu- 
lations, auditing of accounts, purchase 


at 
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of materials and employment of labor 
are under the control and supervision of 
the commission. There is a similar 
provision elsewhere for the creation of 
a board of commissioners to operate a 
water system in a water district. 
Financing 
Funds for the acquisition or con- 
struction of municipal water systems 
are generally raised by bond issues. 
Such issues must be authorized by the 
controlling body of the municipality 
and be approved by a general refer- 
endum of property owners. Bonds is- 
sued as above are excluded from the 
indebtedness limitation of the munici- 
pality. The term of all bond issues 1s 
controlled by the local finance law. 
The maximum life permitted for water 
system bonds is 40 years, except for 
the allowance of 50 years in New York 
City. Bonds covering replacements, 
except meters, are permitted a maxt- 
mum life of fifteen years. Bonds for 
meters are fixed at ten years, with their 
replacements at five except 
where meters constitute a part of the 
original acquisition or construction, in 
which case the life is considered the 
same as that for the system. Funds 
for extensions and improvements may 
also be raised from water rents, front- 
age tax and assessments for fire pro- 
tection service. Any building and the 
lot upon which it stands, whether using 
water service or not, may be assessed 
for fire protection when situated within 
500 ft. of a hydrant. 

The law contains a special provision 
whereby permission is granted munici- 
palities to sell surplus water to cor- 
porations, individuals or water dis- 
tricts outside their limits at such rates 
and under such conditions as the board 
may fix. 


years, 
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Under the budget system as used } 
the cities and many of the other sy} 
divisions, all unexpended appropria- 
tions, receipts or other revenues rever 
to the general municipal fund at th 
end of the fiscal year. In 1939, th 
law made provisions for the establish. 
ment of reserve capital improvemen 
and maintenance funds. These funds 
can only be accumulated and expended 
for specific purposes. The interpreta- 
tion of the law that such annual bal. 
ances as may accrue be turned over to 
the governing political body results in 
the failure to provide ample working 
capital so necessary for the proper 
management of the system. 


Municipal Control 


New York State has a population of 
approximately 13,842,500, with about 
70 per cent living in or near metropoli- 
tan areas. Information published by 
the State Department of Health shows 
that in 1940 about 12,946,000 persons 
(93.5 per cent) were served with wa- 
ter from the public water supplies 
ranging in size from a community of 
25 inhabitants served from a spring 
to New York City, with its gargantuan 
system of reservoirs and aqueducts. 
There were 800 such public water sup- 
plies serving 1,228 communities. Per- 
sons numbering 12,189,000, or 94 per 
cent of those served by public supplies, 
received treated water. About 10, 
250,000 (79.2 per cent) of the people 
receiving water from public supplies 
were served by a municipally operated 
system. 

Last fall some 102 questionnaires 
were mailed to the water operating of- 
ficials of municipally owned systems in 
communities of over 5,000 population. 
Forty-six replies were received, rep- 
resenting twenty-seven cities, eighteen 
first-class villages and one water dis- 
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«ict. Four cities and one village had 
the manager lorm of government. 

Combining the information received 
from a tabulation of these question- 
naires with the Department of Health’s 
records gives the basis of the following 
discussion. 

A check made of 694 municipal wa- 
ter systems operating in the state 
showed that 370 (54 per cent) were 
village operated, 273 (39 per cent) 
were water districts and 51 (7 per 
cent) were city operated systems. 

The village systems may be grouped 
into three classes: 

1. Board of Trustees directly oper- 
ates system; this method is used by 65 
per cent of the villages. 

2, Board of Commissioners, ap- 
pointed by a Board of Trustees, oper- 
ates system; this method is used by 33 
per cent of the villages. 

3. Department of Public Works, re- 
porting to a Board of Trustees, oper- 
ates system; this method is used by 2 
per cent of the villages. 

The operating head of all these types 
of village systems is almost universally 
titled “Superintendent.” 

The water district systems may like- 
wise be grouped into three similar 
classes : 

1. Town Board directly operates 
system; this method is used by 61 per 
cent of the districts. 

2. Board of Commissioners, ap- 
pointed by a Town Board, operates 
system; this method is used by 35 per 
cent of the districts. 

3. Special Board operates a joint 
district; this method is used by 4 per 
cent of the districts. 

In all but Class 3 the systems are 
quite small and the operating head is 
usually a part-time employee without 
a fixed title. The head of a special 
water district is usually “Superintend- 
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ent,’ but sometimes is called “Man- 
ager.” 

Because of their special charters and 
other peculiarities of an individual case, 
city systems cannot be readily grouped 
into general classifications. They may 
be operated as part of the Department 
of Public Works, as a separate depart- 
ment, as a bureau or as a board. Their 
operating heads are called, among other 
things, ‘‘Superintendent,” “Director,” 
“General Manager,” “Chief Engineer,” 
“City Engineer,” “Engineer,” “Com- 
missioners,” ete. 


State Control 


The control of water works organ 
izations by state agencies is fairly com 
plex and varied. 

The State Conservation Department 
controls the use and primary source of 
all water within the state. Plans for 
extensions of supply or distribution, 
new systems, major alterations to ex- 
isting systems, either for domestic serv- 
ice or fire protection service, all must 
be approved by the Water Power and 
Control Division. 

The State Department of Health 
makes rules and regulations for the 
protection from contamination of all 
potable water supplies, controls the 
method of treatment of public water 
supplies and establishes qualifications 
of supervisory personnel. The Public 
Health Council of the State Depart- 
ment has adopted standard qualifica- 
tions for three grades of water works 
operators. <A certificate issued pur- 
suant to their procedure must be held 
by the head of all stipulated public sup- 
plies. Plans for new subdivisions of 
lands must show the method of sup- 
plying water service, such to be ap- 
proved by the department prior to re- 
cording with county clerks. 
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The annual financial and operating 
reports of municipal water systems are 
incorporated in the general municipal 
report and filed with the State Depart- 
ment of Audit and Control. Periodic 
examinations are made of all branches 
of government by auditors from this 
department. Control by the Public 
Service Commission is very limited. 
Municipal water systems are required 
to file a copy of their annual report 
with the commission, the form of such 
report not being prescribed. Experi- 
ence indicates that the affairs of all mu- 
nicipal water systems must be com- 
pletely regulated by resolutions duly 
adopted and recorded by the govern- 
ing body. Any expenditure, change 
or alteration not so authorized may be 
subject to question by examining per- 
sonnel. 

The Public Works Law provides 
that all contracts, in excess of $25,000, 
shall be publicly advertised. 

The State Constitution provides that 
all employees of the state and its po- 
litical subdivisions shall be within the 
jurisdiction of the state civil service 
regulations. There is a wide diversity 
of classification of employees, especially 
in the category of supervisory em- 
ployees who in the state may be exempt, 
non-competitive or competitive, as the 
local situation dictates. 

The state law provides for an 8- 
hour working day and prohibits pay- 
ment for overtime to any employee. 
Full compliance with this provision is 
practically impossible and it entails 
hardship even to pay lip-service to such 
a regulation. A recent decision handed 
down by the courts was to the effect 
that Article 8 of the Public Works Law 
applied in full force to all civil sub- 
divisions of the state. This article re- 
quires the payment of the “prevailing 
rate of wages” to all employees. The 
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translation of that opinion into actyg) 
practice has proven difficult, due to the 
wide variance of the “prevailing rate” 
at the local community level. Work. 
men’s compensation insurance is com. 
pulsory for all employees. This pro. 
tection is given through policies issyed 
by standard insurance companies, the 
State Insurance Fund or by participa- 
tion in County Mutual Insurance 
There are several outstanding ey. 
amples of effective and economical 
operation of the county plan. The so. 
called “self-insurance,” which is ex. 
tended by the county to all subdivisions 
within sts bounds, is found in many of 
the water works organizations of the 
state. 

Effective in 1939, all public and 
quasi-public employees were permitted 
to join the State Retirement System, 
This system permits retirement for 
physical disability or upon reaching 
the ages of 55 or 60 years. Retirement 
is compulsory at the age of 70 years 
Inducements offered by membership in 
the state retirement plan, together with 
the application of the principles of civil 
service, should attract a desirable class 
of young men into the municipal water 
works field; that is, career men. Judg- 
ing from available information, the 
tenure of employment of supervisory 
personnel appears to be of sufficient 
length to insure experienced and con- 
petent supervisors. The educational 
program of the State Department oi 
Health, in co-operation with the 
mayors’ conference, has produced at. 
mirable results in training and refresh 
ing employees. 

Results of Survey 

The questionnaires which were seni 
out revealed what is considered a high) 
significant feature of water system 
management in the state. The 46 com 
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tpril 1940 MUNICIPAL 
pleted forms represented systems (ex- 
Jjusive of New York City) which serve 
306 per cent of the municipally oper- 
ated territory in the state on a popula- 
tion basis. The answers, therefore, 
may be considered as typical and rep- 
sentative of the whole. One series 
of questions asked if the present form 
of management was suitable and satis- 


actory. The answers to these ques- 

fons are summarized below: 
Yes, No, 

Villages without separate 

board 60 40 
Villages with separate board 100 0 
Cities without separate board 50 50 
Cities with separate board 100 0) 


These answers, it must be under- 
stood, are those of the operating men 
who are responsible to the community 
and to their own consciences for a job 
well done. The authors feel that any 
other comment on the situation re- 
vealed above would be superfluous. 

The widespread practice of diverting 
the earnings of the water system to 
general municipal use prevails through- 
out the state. When water systems are 
operated by a separate board, the reve- 
nues from the operation of the system 
are often assumed to be earmarked for 
their use and control. In many in- 
stances such earmarking is respected. 
In all the other cases, due to a provi- 
sion of the law which stipulates that 
all such revenues are a part of the gen- 
eral fund, the control of this money is 
not left with the water system. 
Whether the system is conducted upon 
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a strict budget system or whether wa- 
ter system balances are subject to the 
jurisdiction of the local political gov- 
erning body the result is the same. 
This practice of diversion restricts 
proper management of the water works 
organization. It fails to provide proper 
and necessary reserve funds for future 
extensions and maintenance work, it 
fails to provide incentive for efficient 
and intelligent operation and it is a 
terrific obstacle to intelligent long- 
term planning and management. The 
failure of political governing bodies to 
appreciate the inherent value to the 
community of a_ well-operated and 
-maintained water supply and distribu- 
tion system often results in a reduction 
in value of this asset. It is regrettable 
that these bodies give preference to the 
present tax rate rather than ignore 
adequate compensation for the operat- 
ing personnel and maintenance of prop- 
erty efficiency. The advantages of 
long-term planning would be available 
provided the outmoded laws controll- 
ing the operation of municipal utilities 
were revised to recognize the differ- 
ence between the proprietary and gov- 
ernmental functions of local govern- 
ments. 

A long-term program of education of 
the public, particularly students, to 
demonstrate the community value of 
water supplies seems desirable. It is 
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the authors’ opinion that this program 
should originate within the local or- 
ganization, reinforced by activities of 
national groups and state departments. 


Sine potential hazards to the public 
health of the community through the 
possible existence of cross-connections 
has long been recognized by the city of 
Ann Arbor. With this in mind, the 
city undertook to make a cross-connec- 
tion survey, with the intention of estab- 
lishing an ordinance which would pro- 
tect the public supply from the dangers 
of contamination due to defective 
plumbing. 

Since its inception, the idea of mak- 
ing a cross-connection survey was ac- 
tively supported by Professor Russell 
A. Dodge, a member of the Water 
Board; Dr. John Wessinger, Director 
of the local health department; and 
Alderman Wm. J. Saunders, Chairman 
of the Ordinance Committee. Public 
health men from the University of 
Michigan, the Detroit Health Depart- 
ment and the Michigan State Depart- 
ment of Health lent their enthusiastic 
co-operation. 

The survey 
liam Samborski, 


was conducted by Wil- 
Special Investigator 
of the Water Department, who had 
done similar work for the city of De- 
troit. Great care was taken to make 
a record of every existing cross-con- 
nection, regardless of its nature and 
potential hazard. As was expected, 
cross-connections of every description 
were found, despite the fact that the 
city of Ann Arbor has what is con- 
sidered a very good plumbing code. 


A contribution to the Journal 


City Ordinance oe Cross-Connections 


By H. H. Caswell 
Megr., Water Dept., Ann Arbor, Mich. 


ins 
Some of the typical cases 

listed below: 

1. Greenhouse manure water lines 

2. Gut cleaning machine in slaughte; 
house. 

3. River water supply 
shower bath in the gas works. 

4. Various plating tanks in plating 
works. 

Rinsing tanks in metal treatment 
process. 

High-pressure fire line from ex 
perimental tank. 

7. Various tanks, sinks, experimen- 
tal setups, sterilizing apparatus, wash- 
ing, rinsing and treatment processes in 
laboratories and hospitals. 

8. Commercial laundry washing ma- 
chines. 

9. Plumbing fixtures of all kinds and 
descriptions in homes, apartment 
houses and hotels. 

10. Cross-connections were found 
even in the latest model of automatic 
clothes and dish washing machines. 

The work of developing the ordi 
nance was carried out in a very orderh 
manner. A great deal of educational 
work was done and all those who might 
have an interest were asked to partici 
pate. Many very helpful suggestions 
were made by local engineers, plumb- 
ing concerns and public health officials. 
No attempt was made to hasten the 
work merely to prepare something that 
might serve as an ordinance, but rather 
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1940 ORDINANCE 
effort was made to create something 
f value to the public welfare of the 
mmunity. 

At no time did the public express 
pposition to the plan. The industrial 
and commercial establishments were 
very much interested in the work and 
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were very co-operative in making sug- 
gested changes to conform to the terms 
of the ordinance. 

It is hoped that this ordinance, re- 
printed in full below, may be of value 
to the water works field and to public 
health officials of other communities. 


\y ORDINANCE TO REGULATE THE INSTALLATION OF Pipes, TANKS, FIXTURES 
wwp OTHER Devices IN Wuicu City Water Is Usep; To PROTECT THE 


City WATER SUPPLY OF 


THE City oF ANN ARBOR, AND TO PROVIDE A 


PENALTY FOR THE VIOLATION THEREOF. 


The Common Council of the City of 
\nn Arbor ordain: 

Sec. 1—That the following words 
and phrases when used in this ordi- 
yance shall, for the purpose of this 
rdinance, have the meaning respec- 
tively ascribed to them as herein set 
orth. 

Sec. 2—De finitions. 

(a) Cross-Connection. cross- 
onnection or interconnection is any 
physical connection between the city 
water supply system and any waste 
pipe, soil pipe, sewer, drain or any 
private or secondary water supply sys- 
im. Furthermore, it is any city water 
supply outlet which is submerged or 
an be submerged in waste water and 
rany other source of contamination. 
(b) Secondary or Dual Water Sup- 
‘ly. Secondary or dual water supply 
s any water supply in a building or 
premises maintained in addition to the 
‘ity water supply. A secondary water 
supply source shall include any source 
ther than the city water supply sys- 
tem, such as surface water from rivers, 
lakes, ponds, lagoons, reservoirs and 
cisterns, and ground water from both 
deep and shallow wells; also any sup- 
ply of city water which has been stored, 
held or reserved 


after having left the 


city water supply outlet, or any city 
water which has in any way been 
treated, processed or has been sub- 
jected or exposed to contamination of 
either bacterial or chemical nature. 

(c) Back-Siphonage. Back-siphon- 
age is the term applied to the backflow 
of used water, wastes and/or other 
matter into the city water supply sys- 
tem due to negative pressures being 
established in the city water distribu- 
tion system or parts thereof. 

(d) Maximum Possible Water 
Level. Maximum possible water level 
is defined as the maximum possible 
height to which water can rise in a 
fixture before it flows out freely into 
the open atmosphere through adequate 
size openings so designed as not to be 
obstructed by debris or waste matter. 
In numerous fixtures, such as bath 
tubs, lavatories, toilet bowls, drinking 
fountains, industrial tanks, etc., where 
the overflow does not discharge into 
the open atmosphere or is not of ade- 
quate size, the rim level of the fixture 
shall constitute the maximum possible 
water level. 

(e) Safe Air Gap. A safe air gap 
is the minimum distance of a city wa- 
ter inlet or opening above the maxi- 
mum possible. water level of a fixture 


i 
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or device to which city water is sup- 
plied, in order to prevent back-siphon- 
age or backflow of the contents of the 
fixture or device into the city water 
distribution system. For circular open- 
ings the safe air gap shall be not less 
than two (2) times the inside diam- 
eter of the city water inlet pipe above 
the maximum possible water level. 
For openings other than circular the 
safe air gap shall be not less than two 
and one-quarter (2}) times the square 
root of the area of the opening. 

(f) Acceptable Vacuum Breaker. 
An acceptable vacuum breaker is a de- 
vice intended for the prevention of 
back-siphonage or backflow of con- 
taminated water, sewage or any other 
matter into the city water distribution 
system, and which has been tested and 
accepted by laboratory approved and 
recognized by the State Plumbing 
Board for testing such devices. 

Sec. 3.—Cross-Connections Between 
Water Supplies Prohibited. No per- 
son, firm or corporation shall, in any 
manner, make or allow the existence 
of any direct physical connection for 
any purpose whatsoever between the 
pipes or conduits carrying water sup- 
plied by the Ann Arbor City Water 
Department and any pipes, conduits, 
fixtures or other devices carrying wa- 
ter supplied from a secondary source 
as defined in Section 2 (b) of this ordi- 
nance. Whenever necessary to supply 
city water to a system of pipes, con- 
duits, fixtures or other devices con- 
veying or containing water from said 
secondary source the city water sys- 
tem shall be protected against the back- 
flow of the water from such secondary 
source by a safe air gap, as defined in 
Section 2 (e) of this ordinance. 

Sec. 4.—Notification of Existence of 
Secondary or Dual Supplies. All per- 


sons, firms or corporations maintain- 
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ing secondary or dual water supplie 
shall notify the Ann Arbor Water De. 
partment of their existence. 

Sec. 5.—City Water Supply 
quired to Certain Plumbing Fixtures 
All devices where persons normalh 
come in direct contact with water shal 
be supplied with city water whereye; 
city water is available. Piping ané 
valves shall be so arranged that the 
supply to fixtures may be shut off jp 
order to facilitate the quick tracing oj 
the water supply to any one fixture. 

Sec. 6—Warning Signs. All open. 
ings in the secondary water supply sys. 
tem from which water may be obtained 
shall have at all times a metal sign 
prominently posted within two feet of 
the opening bearing the following 
warning : 


WARNING 
UNSAFE WATER 
DO NOT DRINK 


Such signs shall be at least 8in. x II 
in. in size, prominently lettered in con- 
trasting colors, with no letters less than 
1 in. in height. Signs are to be fur- 
nished and maintained by the person, 
firm or corporation owning the second: 
ary supply. 

Sec. 7—Color Code. Whenever 
deemed necessary for the protection oi 
the city water system in buildings hay- 
ing a secondary or dual water supply, 
the Ann Arbor Water Department 
shall have the right to require that al 
exposed piping be painted distinguish- 
ing colors and so maintained that each 
pipe may be readily traced in its en 
tirety by such colors. The colors te 
quired shall be bright blue for cit 
water piping and brown for piping con 
veying water from a secondary source 
In instances where the bright blue color 
or the brown color conflict with al 
ready well established color code in 
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rticular building the use of other tank, or other plumbing fixture or de- 


Pr iors of equal brightness and contrast vice, an acceptable “vacuum breaker 

av be allowed. must be installed on the discharge side 
ply Rp. Sec. 8.—Prohibited Direct or Indi- of the control valve in such manner 
Fixtures -¢ Connections With Drainage Sys- than no back-siphonage As possible 
normally | cms. Sewers, ete. under any degree of negative pressure 
iter sha} (a) In order to prevent the back- in the water lines and with water in 
wherever | siphonage OT blackflow of sewage or the tank, or other plumbing fixture or 
ing ang} waste. or any other matter into the city device, at the maximum possible water 
that the} water distribution system, no connec level. The vacuum breaker shall be in- 
It off jy | ion shall be permitted betw een the city — stalled above the maximum possible 
‘acing oj | water system and any drainage system, — water level ol a tank, or other fixture 
ture. Jsewer system or any soil waste pipe, or device, a vertical distance specified 
‘II open. | except as hereinaiter provided. tor the type ot vacuum breaker used. 
yply sys.J (b) No plumbing fixture, device, For positive protection each such tank, 
obtaine/ | valve, fitting, apparatus or plumbing or other plumbing fixture or device, 


tal sign onnection of any kind shall be in- must be provided with an individual 
-| galled which will cause a connection vacuum breaker. 


llowi etween city water supply system and (c) Toilet Bowls With Flushometer 
ny sewerage or waste system, or that = /alves. Toilet bowls and other fix- 
vill permit or make possible by back- tures using flushometer valves must be 
iphonage or backflow the introduction — equipped with an acceptable vacuum 
’ f sewage, waste or any other matter breaker installed on the discharge side 
nto the city water distribution system. of the flushometer valve. The bottom 
n. x 1p} The water supply to certain fixtures of the vacuum breaker shall be not less 
in con. | way be protected against back-siphon- than four (4) inches above the flood 
ss than | age ot backflow by the use of accepta- rim of the fixture. 
be fyr. | le vacuum breakers as provided in (d) Flush Tanks—Back-Siphonage 
person Section 9 (b) of this ordinance. Prevention. Every flush tank oper- 
ell Sec. 9—Submerged Supplies, Pro- ated by a ball-cock, hereafter installed, 
tection Against Back-Siphonage and shall have an acceptable vacuum breaker 
enever | Prohibited Fixtures. located not less than the safe air gap 
tion of | (a) Submerged Inlets. No sub- distance above the overflow outlet of 
rs hay. merged city water inlets shall be per- such flush tank. 
supph mitted to tanks or other plumbing fix- : (e) Drinking Fountains. Drinking 
rtmen | ‘ures or devices except as hereinafter fountains shall be equipped with an 
hat al previded. To prevent the back-siphon- inclined jet having the orifice com- 
guish- | “Se OT backflow of the contents of said pletely protected with a safety guard 
t each | tanks, or other plumbing fixtures or and shall have the orifice not less than 
ts ep | (evices, city water shall be introduced — one-half (4) of an inch above the over- 
rs ref (© Same through a safe air gap as pro- flow rim. 
r city) “ded in Section 2 (e) of this ordi- (1) Required Air Gaps on Common 
g con nance. Plumbing Fixtures. The minimum re- 
ource} (D) Use of Vacuum Breakers. If quired air gap between the orifices of 
color} the city water inlet cannot be raised the faucet and the rim level of a com- 
th af the safe air gap distance above the mon plumbing fixture hereafter in- 
. ing} ™aximum possible water level of a stalled shall be as follows: 


= 
= 
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l_Lavatories 1 inch 
Kitchen sinks and laundry tubs .. 14 inches 


(g) Flexible Hoses—Protection 
Against Back-Siphonage. Basins or 
other waste fixtures supplied with a 
flexible hose whose outlet may drop 
helow the rim of the fixture shall be 
equipped with an acceptable vacuum 
breaker installed in an acceptable man- 
ner on the discharge side of the control 
valve. 

(h) Frost-Proof Fixtures. 
lation water 


Instal- 
frost-proot closets, 
drinking fountains, hydrants or other 
such fixtures shall be prohibited unless 
the city water supply is completely pro- 
tected against any possible pollution 
due to back-siphonage of seepage wa- 
ter or any other waste matter. 

(i) Check Valves. Check valves in 
and of themselves shall not constitute 
an approved safety device for the pur- 
pose of preventing back-siphonage or 
blackflow. 

(j) Special Fixtures. All water 
supply equipment and appliances serv- 
ing special fixtures shall conform with 
the intent and purpose of this section. 
Any special use for water as for air- 
conditioning equipment, refrigeration 
equipment, hydraulic elevators, presses, 
fountains, lawn sprinklers, dental cus- 
pidors and aspirators, hospital equip- 
ment, automatic washing machines, 
automatic and other dish washers, res- 
taurant equipment, laundry equipment, 
ete., shall be installed in such a manner 
so as to prevent back-siphonage or 
backflow either by the use of a safe 


of 


air gap or an acceptable vacuum 
breaker. 
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Sec. 10.—Right to Inspect. 
employee of the city of Ann Arbor dy 
authorized to make inspections shal] | 
granted entrance to any building 
premises at any yeasonable hour and} 
permitted to inspect or reinspect { 
plumbing and drainage system of th 
building or premises for the compliang 
with the provisions of this ordinane 

Sec. 11.—Enforcement. It shall } 
the duty of the plumbing inspector { 
enforce the provisions of this ord 
nance. 

Sec. for 


12.—Penalty 


iolatioy 


The city of Ann Arbor shall have thf 


right to discontinue or deny water sen 


ice for non-compliance with any prof; 
vision of this ordinance, and any per} 


son violating any of the provisions , 
this ordinance shall, on convictigy 
thereof, be punished by a fine not ¢ 
exceed $100 and costs of prosecution 


or by imprisonment in the county jailff, 


for a period of time not to exceed ¥ 


days, or both such fine and imprison-[, 


ment in the discretion of the court. 

Sec. 13.—Validity. Should any see. 
tion, paragraph, phrase or provision oj 
this ordinance be declared by the courts 
to be invalid, the same shall not affect 
the validity of the ordinance as a whok 
or any part thereof other than the par 
so declared invalid. 

Sec. 14.- ‘Repeal of Previous Ord- 
All ordinances parts oi 
in conflict herewith ar 


or 
ordinances 
hereby repealed. 

Sec. 15.—Date of Effect. This ordi 
nance shall be in effect on and aite 
ten days from legal publication. 
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alter 


NY fictitious narrative about some- 
thing which might naturally occur 
ad from which a moral may be drawn 
called a parable. Cross-connections 
ad the problems of back-siphonage 
wnfortunately are not fictitious, but in 


his subject, the discussion may be pre- 
ented as a parable. 

The parable begins with the estab- 
shment of a new chemical manufac- 
wring plant and its satellite city of 
vorkers on wasteland located in one of 
the western states. Construction be- 
ran in 1939 on this plant, which was to 
ep supply Great Britain with TNT, 
velatin and other chemicals used in ex- 
losives. 


Layout of Plant 


The plant was built by the DuMore 
Chemical Company, large-scale manu- 
acturers of chemicals and explosives. 
The president of this company, E. Ty- 
us Phosa, or Ty Phosa, as he was gen- 
rally called, had dreamed of building 
model explosive chemical plant for 
many years. The plant and city would 
ea realization of his dream, and no 
money was spared to carry out some 
revolutionary ideas that Ty Phosa had 
wanted to try for so long. 

A noted city planner laid out the city 
nm undulating ground that lent itself 
to rather attractively curved streets. 
The houses were all individually de- 


Cross-Connections and Back-Siphonage 


By Andrew T. Dempster 
Assoc. San. Engr., Dept. of Health, Detroit, Mich. 
presented on Sept. 20, 1945, at the Michigan Section Meeting, Grand Rapids, Mich. 


der to draw a moral from a paper on 


signed, with nothing of the sameness | 
of most factory towns, and where the — 
houses were not located on high 
ground, the basement floor of the house .. 
was set above the normel grade level 
and the excavated material from the— 
streets and other structures was graded — 
around the houses so that the sewers, — 
when over-taxed, would overflow to — 
lower ground levels instead of into the 
new basements. The city was provided 
with beautiful parks along the Coliform a 
River, and the new stores erected in the > 
area designated as the business section — 
were of modern construction and at- | 
tractive in every respect. 
Because the plant was the reason 
for the city’s existence, the water sup-_ 
ply was pumped from the Coliform — 
River and processed and treated by the 
chemical plant. The chemical plant— 
was designed by the company chemical — 
engineers, and no expense was spared 
to make it the most modern and ef-— 
ficient plant of its kind in the world. 
This location was chosen because of 
the abundance of clear and sparkling 
soft water flowing into the Coliform — 
River from the nearby mountains. The — 
gelatin plant and the acid plants needed — 
a good supply of pure water, so the | 
ultimate in that direction was sought, — 
and the chief chemical engineer finally 
convinced E. Ty Phosa that the dis- 
tillation of the Coliform River water 
would plant” with the per- 


| 
£47 
| 


466 

fect solution to its wants. By the use 
of distillation equipment slightly larger 
than that needed to supply the plant, the 
domestic water supply problem for the 
workers would also be solved. This 
type of municipal supply would be 
unique, and the city of Colibank could 
truthfully advertise its water supply as 
the purest in the world. A part of the 
extra cost of this type of supply could 
be charged to advertising, since journal 
after journal would carry accounts of 
the pure drinking water provided for 
the employees of the DuMore Chemical 
Company. The plant was really to be 
a monument to E. Ty Phosa’s many 
years of successful administration of 
the DuMore Chemical Company, and 
he accepted this idea with a great deal 
of enthusiasm. 

The plant and city were completed 
in 1940. By that time World War II 
was no longer called a “phony” war, 
and Great Britain was pushing the Du- 
More plants hard to produce more and 
more explosives. It almost goes with- 
out saying that some difficulty was ex- 
perienced in launching the Colibank 
plant into production. 


Problems Encountered 


One of the difficult problems to solve 
was the method of operating the dis- 
tillation apparatus. The water was dis- 
tilled three times, first distilling 
from steam at 600-Ib. pressure, then 


by 


condensing and redistilling at progres- 
sively lower temperatures pres- 
sures, until the last condensing opera- 
tion brought the water down to almost 
river water temperature. This was ac- 
complished by river water flowing 
through the condensers countercurrent 
to the distilled water flow direction. 
The heated condenser water was then 
used as boiler feedwater and as a feed- 
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water supply to the distilling apparaty, 


so that the greatest possible efficieng 
could be effected. 


Carry-Over of Gases 

Trouble was experienced from carry. 
over of gases, such as carbon dioxide 
formed from the breakdown of the pj. 
carbonates in the river water sed 
The eductors in the condensers coy) 
not remove all of the carbon dioxide 
consequently some of it redissolved }: 
the distilled water. This made th 
water somewhat acid and, as will pres- 
ently be caused considerable 
trouble. 

The homes of the workers were fin. 
ished before the plant was completed 
and water service had to be started a 
soon as possible. Samples from th 
distribution system were sent to th 
state health department laboratory fo; 
analysis. The contaminatio 
which was reported startled the plant 
laboratory staff because they had ex. 
pected a favorable report. The stat. 
in which the plant was located was 
sparsely populated and not much super- 
vision was given to water plants; but 
after analyzing these samples, the state 
health department requested that the 
water main distribution system, which 
was probably badly contaminated dur- 
ing the construction period, be disin- 
fected with chlorine, and that a bae- 
teriological laboratory be set up in the 
plant to control the bacterial qualit 
of the water supply. In the interim i 
was necessary to boil the water used bj 
the residents until disinfection of the 
mains was satisfactorily completed. 

E. Ty Phosa reluctantly comple 
with the request, and after an outside 
contractor spent several weeks disit- 
fecting the mains with chlorine, the 
water was declared safe for drinking 
The new residents rejoiced that it wa 
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(PParatysf yo longer necessary to boil their drink- 
efficienc ng water, and the company posted 
) gens at the main highway entrances to 
the city proclaiming that libank had 
| the purest drinking water supply in the 
yorld. When the citizens of Colibank 
stopped boiling their water, they were 
surprised to find that it still tasted a 
ttle flat, and refrigeration was neces- 
ary before it was palatable. 
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Re dl Water Problems 

There were no plumbing codes in the 
state and the only regulations applying 
to the city were company regulations. 
Consequently, black iron pipe was used 
in the new hotel water piping system, 
and red water problems started in the 
soon after it was 
placed in service. This condition was 
corrected by installing a bypass feeder 
mn the hot water system and by using 
sodium silicate solution in the feeder 
to prevent further corrosion of the 
black iron pipe. 
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hot water system 


Turbidity 

Two weeks went by and the plant 
engineering staff congratulated them- 
selves on how well they had planned 
the water service. Then a severe rain 
and electrical storm stopped the pumps 
in the pumping station; however, serv- 
ice was restored in a few minutes. The 
next day many workers at the plant 
complained about turbid drinking wa- 
ter and collapsed copper hot water 
tanks in their homes. These com- 
plaints were investigated by one of the 
of the} plant engineers, who found that they 
ed, | Were not at all exaggerated. He no- 
ticed, however, that all the collapsed 
tanks were located in houses on high 
ground elevations, and it was easily 
deduced that these tanks were collapsed 
by the existence of a partial vacuum in 
the water system. It followed that, 
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when the pumps stopped operating, the 
water in the mains drained to the lower 
points in the system and created a par- 
tial vacuum at the highest points in the 
system. 

An explanation for the turbid water 
was not found, however, until the in- 
vestigator noticed that some homes on 
high ground did not have collapsed 
tanks. Searching further for the rea- 
son, he found that air relief valves were 
located at the high points on the dis- 
tribution system where the mains con- 
tinued on to lower points, and the lo- 
cation of these valves coincided with 
the undamaged tanks. An inspection 
showed that many of the valve pits had_ 
water in them, but the level was always 
below the air relief outlet. No doubt. 
the water in these valve pits was the 
source of the turbid water 
when the supply pressure failed, and 
the resultant vacuum siphoned it back 
into the system through the air relief 
ports. 

Further reflection showed that the 
blow-off connections to the sewer on 
the low points of the lines could also 
be subjected to partial vacuums, and 
any leaking blow-off valves would pos- 
sibly allow sewage to be siphoned into 
the water system during periods of 
negative pressures. 

The bacteriological laboratory at the 
plant reported that several samples col- 
lected from the distribution system_ 
after the interruption of the supply 
showed gross contamination, and once 
again the residents were cautioned to 
boil their drinking water. 


some. ot 


Investigations by Engineers 
President Phosa of the DuMore 

Company, who now made his residence | 

at Colibank, became very much per- 


turbed, because the drinking water of 
Colibank had already been advertised 


far and wide for its remarkable purity. 
He, therefore, directed two engineers 
to chase down this trouble and provide 
a solution, so that a recurrence of con- 
tamination in the water supply would 
he impossible. 

The engineers soon found that this 
problem was much discussed in water 
works and plumbing trade journals as 
well as in public health journals, but 
the solution was not so simple as it had 
seemed at first. It was discovered that 
all of the new plumbing fixtures in the 
town were of a type that would cause 
contamination of the water supply if 
negative pressures occurred in the wa- 
ter system. 

At that somewhat late date the lately 
instructed engineers began to assemble 
a little library. They found hundreds 
of pages of well-packed data. They 
learned to know exactly what were 
cross - connections, inter - connections 
and backflows. They found that a 
great deal of effort, research, legisla- 
tion and inspection was the rule with 
many states endeavoring to protect 
their systems. They learned of multi- 
farious, nefarious mechanical gadgets 
and human thoughtlessness—some even 
that were not apparent in Colibank— 
which menaced the health of populaces. 
Amazing to them was a sample ordi- 
nance which they found and which, 
without every last detail for local ap- 
plication, amounted to a few dozen 
pages. They even found, imagine it, 
consulting engineers and_ sanitarians 
and officials of water works all giving 
of their time to produce co-operatively 
reports and practical suggestions for 
the proper treatment and safe distribu- 
tion of public water supplies. 

They found that plumbing regula- 
tions and codes were being revised in 
the more progressive cities of the coun- 
try to provide protective devices which 
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would preclude the possibility of “4 

siphonage” or “backflow.” 
The principles involved in this pr 

tection had been determined in ply) 


Yas 


ing laboratories, in universities and ; 


several city laboratories. Obvious) 
when a vacuum exists in a water Supp) 
pipe whose discharge end is submerg 
in a vessel of water which is possihl 
contaminated, the impure water y 
flow back into the supply pipes. Ther 
fore, if the supply pipe is raised aboy 
the surface of the water, the possibjlj 
of backflow into the potable supply wi 
be eliminated. If the discharge end 
not raised high enough above the wat 
surface, however, siphonage will s 
take place, since a partial vacuum ; 
present at the outside of the pipe en 
and the water surface conforms to th 


It ha 


pressure conditions above it. 


been determined that unless the pipe | 


discharge orifice is raised two intern 
pipe diameters above the water surfac 
a water spout forms which allows ¢ 
non-potable water to be siphoned int 
the potable supply system. It must} 


assumed that the water surface is # 


the highest level that the water ca 
reach in a fixture or tank if and whe 
the normal overflow outlets are ne 
functioning. 

It was found that it is not alway: 


possible to raise the supply above th}! 


water surface in certain types of equip 
ment, such as developing tanks ap 
rinse tanks, where bottom supplies ar 
imperative for purposes of circulatior 
The answer to this problem was th 
mechanical or venturi vacuum breaker 
The venturi vacuum breaker uses th 
principle of a venturi tube with air 
lets provided on the downstream sié 
of the venturi throat. Under norm 
flow, with the vacuum breaker place 
above the highest possible water lev 
of the fixture served, the water go 
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rough the throat at a velocity high 
ough to prevent the water from leak- 
ng out the air inlets. When 
scuums occur in the water supply sys- 
em, the air inlets relieve the vacuum 
ylow the venturi throat so that the 
yater rises only an inch or two in the 
tail pipe above the water level of the 


of 


ixture. 

The mechanical vacuum breaker uses 
the same principle of air relief, but 
ytilizes check valve disks so that under 
oressure the air inlets are closed, while 
ynder vacuum the air inlet disk is off 
ts seat, and a mechanical check valve, 
uting as a constriction in the path of 
gormal flow, throttles the amount of air 
ying drawn back from the now open 
ir inlet sufficiently to prevent the rise 
{more than 1 or 2 in. of water in the 
iil pipe. These two check valve disks 
ie usually connected together me- 
hanically, so that one cannot work un- 
ess the other one is also functioning. 

The barometric loop was found to 
xcomplish the function. This 
op of pipe, with the top at least 35 ft. 
iigher than the water level, provides a 
arrier so that a perfect vacuum on the 
supply side cannot induce siphonage of 
non-potable water from the down- 
stream side of the loop even though it 
is submerged in non-potable water. 
The two investigators also learned that 
when a potable and a non-potable sup- 
sly were connected together a cross- 
resulted which could be- 
ume dangerous at any time the non- 
otable supply pressure increased be- 
vond the pressure of the potable sup- 
ily. The only safe answer to this prob- 
em was to separate the two systems 
completely and color code the piping so 
that new connections would not be 
made too readily between the two 
systems, 
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Engineers’ Report and Recommenda- — 
tions 
The engineers presented a report 

based on their new-found knowledge, — 

recommending that either all sub-— 

merged potable supplies be raised two 
pipe diameters above the highest possi-- 
ble water level in the fixture or an ac- 
ceptable vacuum breaker be inserted in 
the supply pipe at least 6 in. above the 
highest water level in the fixture, with 

a control valve upstream from the _ 

vacuum breaker to insure that it goes 

through one operation sequence each — 
time the valve is opened or closed. 

They recommended further that all air. 

relief valve pits be drained properly — 

and that the air relief ports be extended | 

above the grade level at each pit. All . 

blow-offs were to be blanked off from — 

the sewers or indirectly discharged to_ 
the sewers through a sufficient air gap. 

Their report also included an item — 
on chemical treatment of the hot water 
system in the Colibank Hotel. When | 
the supply failed, the bypass feeder 
quickly filled up the hot water pipes 
with sodium silicate, which in turn had — 
badly gummed up the coffee urn in the | 
dining room. The only solution was | 
either to discontinue treatment or to— 
find a non-siphonable chemical feeder. | 

Flushometer and tank toilets were con-- 

demned if they did not have vacuum 

breaker protection. Several cross-con- 7 

nections between river water lines and — 

distilled water lines in the plant were 
specified as very dangerous, and it was 
pointed out that these connections must — 
be broken. The most notable one was 
a bypass connection around the distill- 
ing apparatus from the river water — 
pumps, which was deemed necessary in | 
the event anything happened to the 
still. The report pointed out, however, 
that when the still was out of service, 


| 

| 
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the people should not drink raw river 

water, so it was suggested that a chlo- 
rinator be placed on the bypass line, 
with the bypass disconnected from the 
distilled water pump suction line by 
swiveling the suction line to connect to 
either the still or the chlorinated river 
water line, but never to both lines at 
the same time. 

Following the report, the arguments 
between the engineering staff and the 
president were really heated, but in the 
end the recommendations were accepted 
because enough had already happened 
to Colibank to prove that contamina- 
tion of the water supply could and did 
occur. Work was immediately started 
to eliminate all of these hazards. 

Later Discoveries 


For the remainder of the first year 
of operation nothing serious occurred, 
except that the collection of an unsafe 
water sample from a frost-proof hy- 
drant led to the discovery that there 
was one piece of equipment they had 
forgotten. This sample started an- 
other investigation, which disclosed 
that these frost-proof hydrants had 
ground drains which opened up auto- 
matically when the water supply was 
turned off. When the ground water 
level became higher than the drain 
level, the first water to come out of the 
hydrant was ground water; conse- 
quently all ground or sewer drains on 
fire hydrants, frost-proof park hydrants 
and frost-proof drinking water foun- 
tains were sealed. 

The water and fire departments of 
Colibank discovered several more ways 
of collapsing copper hot water tanks. 
During the first big fire in town the 
pumps on the new fire-fighting trucks 
were operating under vacuum on the 
suction lines from the hydrants. The 
next day they found that they had ef- 


_contaminated river water were mixing 


fectively collapsed several hot wap 
tanks in the vicinity of the fire, 7, 
water department found that the sap, 
effect could be produced either by shy 
ting off a section of water main for re. 
pairs or by having a main break, whi¢ 
would cause a high velocity in the maj 
and result in a vacuum at a point in th 
main upstream from the break, 

The medical department of (9 
bank made the greatest discovery, hoy 
ever, almost one year from the day t! 
city started to function. They we 
suddenly besieged by workers and the: 
families calling for medical aid on why 
appeared in most cases to be a sever 
attack of diarrhea or dysentery. Ty 
weeks later they had a typhoid ej 
demic on their hands. Sefore the 
were through, 200 cases of typho 
were recorded in this city of 4% 
persons. 

The source of the typhoid was trace 
to the water supply, and here is foun 
the moral of this parable. All of th 
tubing, valves, tanks and condenser 
which made up the distilling apparatu: 
were found to be badly corroded te. 
cause of the corrosive quality of th 
distilled water. The condenser tube 
that carried river water were found t 
be leaking and large quantities of this 


with the distilled water in the bottor 
of the condensing chamber. The leak 
age had done its damage before tl 
daily water analysis had revealed th 
condition. Unfortunately the river wa 
ter had then become badly cor 
taminated, since a government 
munitions plant had been built y 
stream on the Coliform River. Thi 
completed the necessary conditions { 
the spread of typhoid organisms | 
this “perfect” water supply. 

Today the city of Colibank has : 
conventional water filtration plant I 


by 
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short distance upstream from known cross-connections have bens 
i > a The distilling apparatus is eliminated, he does not want to dis- 
‘ae ol for plant process water now. cover any more the way the last one 
ty Phosa sees to it personally was discovered. The signs resting 
by he chlorine demand of the potable ‘“Colibank, the City ith ithe Purest 
ah a satisfied and an excess is Water Supply in the World have been 
sa, whi Ts so that the residual all over changed to read “Colibank, Public 
sim “albank is 0.4 ppm. Although all the Water Supply Approv — 
kK. 
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es glancing through the Index of 
he A.W.W.A. publications from 
the year 1881 to the present, the author 
was greatly surprised to see that there 
had been no papers prepared on the 
subject of “Inspection.” Following up, 
a few neighboring water companies 
were telephoned and asked how much 
inspecting they did. They replied: 

“Not much.” When asked why not, 
they stated: “We trust in the integrity 
of the manufacturer.” 

This is a tribute to the manufacturer, 
but it is believed that inspection should 
be viewed in the light of a co-operative 
service—a check—a further service 
augmenting the manufacturer’s own in- 
spection. 

The government has been the largest 
purchaser in the United States for the 
past few years, and, in line with its 
policy of rigorous inspection, methods 
have been established for controlling 
the uniformity of products and the re- 
jection of inferior materials. Manu- 
facturers have become accustomed to 
government inspection and uniformity 
has been the result. Most purchasers 
desire uniformity, and that can be 
achieved only by inspection control and 
by properly drawn specifications. 

To cover properly the subject of in- 
spection, it will be necessary to ap- 
proach the subject from the stand- 
point of testing and specifications, and 
in this connection reference will be 
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Inspection of Water Works Materials 


By H. Arthur Price 


Asst. Specification Engr., Dept. of Water & Power, Los Angeles, Calif. 


Presented on Oct. 23 and 25, 1945, at the California Section Regional Meetings, 
Los Angeles and Berkeley, Calif. 


made to requirements and procedure 
in the water system of the Departmem 
of Water and Power of the city of Los 
Angeles. 


Cast-Iron Pipe 


The Department’s requirements 
closely follow those of Federal Speg. 
fications WW-P-421, with the excep. 
tion of cement lining and dimensional 
and tolerance requirements. 

Occasionally cast-iron pipe arrives 
in the Department’s yard in a car that 
has had rough handling and in whieh 
the dunnage has not been properly pre-} ing 
pared (Fig. 1). This has caused the} dre 
pipe to slide, shift and rotate, resulting | ing 
in some sections being damaged. All} ser 
this requires inspection, including ham- | pot 
mer testing and the examination of the } Joy 
spigots and bells of those sections that | pai 
do not ring true. The latter can be ae- | tor 
complished either with a magnifying} ser 
glass or by applying turpentine over} ho 
the surface in question and then dust: } of 
ting the surface with cement or pow] Pi 
dered chalk, which clearly shows the} thi 
location and extent of the crack. ust 

A hydrostatic testing machine which} (d 
will handle full lengths of pipe is often | pe 
used. 

A scratch tester has been devised to} ya 
test the hardness of cement linings th 
(Fig. 2). It consists of a phonograph} m 
needle, ground off to gz in. at the end} im: 
and a spring arrangement giving read} ar 
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INSPECTION OF 


Fic. 1. 

ings in pounds. The scratch tester is 
drawn perpendicularly along the lin- 
ing and the force exerted to produce a 
scratch is observed in pounds. Four 
pounds is the minimum reading al- 
lowed for cement linings under the De- 
partments specifications. An inspec- 
tor soon “catches on” how to use the 
scratcher. Judgment must be used, 


however, as sometimes there is a skin .« 


of laitance which cannot be considered. 
Pipe is ordered with an approximate 
thickness of lining of 4 in. The cement 
used must meet the “Merriman Test” 
(described later) and no seal coat is 
permitted. 

With regard to the weight of pipe, 
yard men and inspectors closely watch 
the weight of each pipe, which is 
marked on the inside of pipe by the 
manufacturer, and those sections which 
are in weight to minimum 


e = 


Car Shipment of Cast-Iron Pipe 


WATER WORKS MATERIALS” 


ing Broken Dunnag 


Ww weight allowed are set aside 
weighed. Occasionally, sections of 
pipe are rejected. 7 es 
Cast-Iron Castings “te 

Cast-iron water works fittings, man- 
hole and meter covers, and other cast- 
ings are fabricated for the Department 
on the West Coast. Foundry practice 
is excellent; nevertheless inspection is 
necessary. Inspectors check accuracy 
of patterns and work between the 
foundry and the Department in adjust- 
ing changes in drawings required by 
casting problems. Wall thicknesses of 
fittings 12 in. and over are checked for 
eccentricity. 

Manhole and meter box covers and 
frames are checked for fit. Class 30 
iron, 30,000-psi. tensile strength, under 
A.S.T.M. Designation A 
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48, is specified for the majority of 
castings. 

Under these specifications there are 
different size test bars: Test Bar A 
qualifies castings having thin sections ; 
Test Bar B qualifies average size cast- 
ings; and Test Bar C qualifies castings 
of very heavy Under the 
specifications no provision has been 
made for the minimum deflection of the 
test bar at the breaking load. Deflec- 
tion is a measure of the ductility, and 
ductility is a desirable quality in cast- 
ings—the more ductile the less brittle. 
After observing the deflection of test 
bars on cast-iron castings for several 
years, the Department inspectors found 
that the deflection of good iron was in 
direct proportion numerically to the 
breaking load. The Department's 
specifications now include a require- 
ment for deflection, which is: The de- 
flection in inches at the breaking load 
shall not be less than numeri- 
cally of the breaking load in pounds. 
For example: 

Test Bar A fails at 1,150 Ib., 
flection cannot be less than 0.11 
Test Bar B fails at 2,200 Ib., 

flection cannot be less than 0.22 in. 

Inspectors watch castings as they are 
processed through the foundry. Oc- 
casionally over-zealous foundry men 
hide flaws in castings by using “Smooth 
On.” Alert inspectors must be in the 
right place at the right time. 

The Department requires 
static testing of all cored fittings 12 in. 
and under (Figs. 3 and 4). Pipe and 
valves are hydrostatically tested, and, 

be consistent, why shouldn’t cast- 
iron fittings be tested? During the 
war, due to lack of foundry help, only 
occasional hydrostatic testing was re- 
quired. 

In regard to coatings for the fittings, 
the inspector must see that the fittings 


sections. 
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hydro- 
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are preheated prior to dipping, that th 
coal tar pitch is the right consist 
and that the castings are double-dipped 


Valves 
Valves introduce the subject of 

purchase inspection. The Department 
specifications covering this item ar 
quite rigid, for example: double dig 
valves must have all bronze intern 
working parts; the stem nut must fe 
one and one-half times the diameter of 
the stem; and there are other require. 
ments too numerous to mention, 4 
manufacturer desiring to do_ busines 
with the Department submits drawings 
of the valves he proposes to furnish, 
and the details are checked on a “‘valye 


Tester for Determining 
Hardness of Cement Linings 
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check sheet” (Fig. 5). After 


aal Manager. After this, the manu- 
facturer makes up a sample valve and 
ships it to the Department for testing. 
Valves are tested from fully closed to 
iully open at 175 psi., free discharge 
(Fig.6). The valves are evaluated on 
the basis of dryness, ease of operation 
in opening and closing, and their physi- 
cal condition after the test. Some 
brands of valves tested were absolutely 
inoperative and others were very hard 
to operate, chewed the seats and leaked 
alter the test. After the sample valve 
satisfactorily passes the test, valves of 
the same manufacture, which meet the 
requirements of the specifications, are 
acceptable for purchase. Inspection of 


lic. 3. Hydrostatic Testing of an Offset 


all 
changes are made so that the valves 
conform to the specifications, the draw- 
ings are approved by the Chief Engi- 
neer of Water Works and Deputy Gen- 


the valves after purchase is merely 
cursory. Occasionally a valve is opened 
and closed to check for ease of opera- 
tion, or it may be taken apart to check 
the castings. 

The preceding method applies for 
regular valves in the line. When 
valves are bought for a special applica- 
tion, especially if the size is large, they © 
may be taken apart, the castings in-— 
spected and the discs tested for de- 
flection. In some instances, the De-— 
partment has discovered large valves 
which had on the inside defects involv-- 
ing considerable repair work, and 
which, if they had not been properly — 
inspected, would have been inopera- 
tive in service. 

Galvanized Pipe 

Inspection of galvanized pipe con- 

sists principally of seeing that the pipe | 
* 
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4 INFORMATION MOT REQUIRED IN SPECIFICATIONS. 


36000 psi minimum. 


Check Sheet 


Valve 


Fra. 


> Ell 


Fic. 6. Hydrostatic Testing of Valves—-175 Ib. Free Discharge Dd 


ends are protected with thread protec- 
tors and that the pipe is properly gal- 
vanized. A.S.T.M. Specifications are 
very liberal in this respect and have 
had to be tightened to meet the Depart- 
ment’s requirements. A.S.T.M. Speci- 
ication Designation A 120-44 specifies : 
The weight of zinc coating shall be not 
less than 2.0 oz. per sq.ft. of total coated 


surface. The weight of coating expressed 
in ounces per square foot shall be calculated 


by dividing the total weight of zinc, inside 
plus outside, by the total area, inside plus 
wtside, of the surface coated. 


Exaggerating, of course, it is possi- 
jle under these requirements to obtain 
pipe with an outside coating weighing 
+ oz. per sq.ft. and the inside bare. 
This pipe would average 2 oz. per sq.ft. 
of surface and would therefore meet 
the specifications. Inasmuch as it is 
desired to have galvanizing on both 
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surfaces, it has been specified that on 
mill shipments of pipe the galvanizing, | 
both inside and outside, shall strip not 
less than 1.75 oz. per sq.ft. of surface. 
Inspection and testing have resulted in — 
several carloads being rejected. When — 
local out-of-stock galvanized pipe 1s 
purchased, it is specified that the gal- 
vanizing shall strip not less than 1.50 
oz. per sq.ft. on both inside and outside 


Lumber 


When large quantities of lumber are 
purchased, an inspector is sent to check 
the lumber prior to delivery. Douglas — 
fir is ordered to meet particular grades 
as stated in Standard Grading and 
Dressing Rules of the West Coast 
Lumbermen’s Association, and is re- 
quired to be grade-marked. Redwood 7 
is ordered to meet the requirement nts of 7 


surfaces. 


Vol, ™ 


the California Redwood Association. 
If an inspector is at the yard at the 
time the lumber is sorted and graded, 
lumber graders are not prone to in- 
clude lumber that is on the border line 
of being inferior grade. 


Fire Hydrants 


Inspection of fire hydrants includes 
checking the castings, quality of iron, 
finish work of brass and the coating, 
as well as checking the outlet threads 
with “go” and “not go” gages. Par- 
ticular attention is required on the 4 
in, outlet threads, as they are not a Na- 
tional Standard. The Department has 
made “go” and “not go” gages for this 
size and has loaned them to manufac- 
turers toduplicate. Each manufacturer 
has his own variations in these thread 
dimensions and they vary consider- 
ably. A coupling has sometimes been 
used as a gage. 


Copper Service Fittings 

Inspection of copper service fittings 
is a timesaver to the installation crew. 
The number of bad fits is negligible. 
Inspectors check machine work, fit- 
tings with ragged threads are thrown 
out and threads are checked with “go” 
and “not go” gages. The weight of 
the fittings is also checked, a 3 per cent 
tolerance being allowed. A chemical 
analysis is made to determine compli- 
ance with the chemical composition re- 
quirements. 


Steel Pipe 


No attempt will be made to cover 
inspection of steel pipe, as inspection 
procedures can be easily set up by re- 
viewing A.W.W.A. Standard Specifi- 
cations 7A.3 and 7A.4, which cover 
both mill and_ electric-fusion-welded 
steel pipe. 
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Asbestos-Cement Pipe 


Asbestos-cement pipe is purchase 
under the Department's specification, 
which require, in addition to the regy. 
lar 800-lb. hydrostatic shop test. , 
hydrostatic destruction test of one se. 
tion from each one hundred sections 
pipe. Department inspectors obsery 
the various steps in the manufacture oj 
asbestos-cement pipe and certify to jt 
compliance with the requirements, 
Cement 

Cement has received considerable a 
tention in the past few vears due t 
surface deterioration of a number & 
water works structures over the United 
States. As a result, the Departmen 
specifications for cement include tha 
cement shall meet a sugar solubilit 
test, which test was devised by Thad. 
deus Merriman, formerly Chief Engi 
neer of the New York Board of Water 
Supply. This test determines whethe 
the cement clinker is underburned 
Underburned clinkers result in cement 
that does not produce durable concrete 


Personnel 


This discussion would not be com: 
plete unless some consideration were 
given to a proper inspection organiza 
tion and to the qualifications of inspec 
tion personnel, their authority, respon- 
sibility and relationship with the manu 
facturer. 

The inspection organization of th 
Department’s water system is set up 0! 
rather ideal lines. Inspection is cot 
ducted under the direction of the En 
gineer in Charge of Testing Labora 
tories, which section is independent 0 
the other divisions and reports direct! 
to the management. The regular in 


spection force handles the usual inspec 
tions; however, when there is particu 
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-need to draw on personnel in other 
‘visions who are particularly qualified 

inspect some article or process, they 
re made available for such inspection. 

‘a this way the Inspection Section has 
ye service of a number of engineers, 
struction men and others with wide 
experience in various fields. 

The qualifications of an inspector 
yay be summed up by saying that he 
hould have both practical experience 
nd some knowledge of the engineering 
principles involved in his particular as- 
jgnment. On the general inspection 
f metals he must know that test cou- 
sons are, at best, but indicators of the 
seneral characteristics of metals, owing 
a most cases to their favorable location 
with regard to defects. The inspector 
should be familiar with the physical 
haracteristics indicated by a fractured 
test bar or coupon. Familiarity with 
the several types of testing equipment 
and testing procedure may also be es- 
ential. This includes knowledge of 
how such equipment may be calibrated, 
the effect of improper test procedures 
on the results, and the effects of size 
and shape of test piece. For inspection 
f machined parts, the inspector must 
be familiar with the construction and 


use of gages. 
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Certain traits of character are highly 
desirable. The inspector should be 
straightforward and prompt, should be 
possessed of good judgment, tact, a 
sense of fairness and the ability to act 
fairly and firmly without arousing un- 
due antagonism. Principally, judg- 
ment is required. 

The book “Testing and Inspection 
of Engineering Materials” by Davis, 
Trozell & Wiskocil (MeGraw-Hill, 
New York, 1941. 372 pp.), includes 
a description of the many necessary 
qualifications for inspectors. 

The inspector’s primary responsi- 
bility is to see that the work is per- 
formed in accordance with the speci- 
fications. He further may serve in ex- 
pediting the delivery of material. His 
authority should include the necessary 
stoppage of work, if such work is not 
being done in accordance with the 
specifications, and he should have the 
authority to require the removal or re- 
pair of faulty material. 

The manufacturer is entitled to com- 
plete the work at the lowest possible 
By co-operating with the manu- 
facturer the inspector will aid in re- 
ducing the manufacturer’s cost. Oc- 
casional changes in the specifications 
develop, resulting in savings both to 
the manufacturer and the purchaser. 


cost. 


| 


HE bringing in of the Carvin’s 

Cove water supply will terminate 
thirty years’ experience with periodi- 
cally recurring inadequacy at Roanoke. 
The initial development will add 150 
per cent to the safe yield of the present 
supplies and, with comparatively minor 
additional expenditure, this can be ex- 
tended to 300 per cent. This develop- 
ment will provide Roanoke with an un- 
excelled water supply with a hardness 
of approximately 20 ppm. and located 
at such an elevation as to be available 
by gravity. 

In order to assist in a better under- 
standing of the Carvin’s Cove develop- 
ment, this discussion will briefly re- 
view some of the factors affecting the 
design, such as the population growth 
of the past and that projected for the 
future, the future water requirements, 
the capacity of the present sources’ of 
supply and their deficiencies, and the 
additional capacity needed to provide 
adequately for the future water re- 
quirements of Roanoke. Brief refer- 
ence will also be made to the various 
alternative sources of increased water 
supply available to Roanoke and the 
factors which influenced the selection 
of the Carvin’s Cove supply over the 
other available sources. 


Population Growth 


Inasmuch as the use of water de- 
pends primarily upon the growth in 
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By Louis R. Howson 


population, consideration was _firg 
given to the past and probable futur 
population growth at Roanoke (Fig 
1). In the 40-year period prior ¢ 
1930, Roanoke experienced a rapid an¢ 
sustained population growth. Lik 
most other cities its population growth 
in the next decade was practically zero 
This was followed by the war period 
with its effect upon population concen. 
tration in cities. It is believed that fol. 
lowing the termination of the war the 
normal upward trend which was af- 
fected by the depression and the war 
will be resumed and that the present 
population of approximately 76,00 
will increase to 85,000 by 1950, 100,00 
by 1960 and 130,000 by 1980. 


Water Consumption 


Based upon the forecasted popula 
tion and study of the water consump- 
tion for average and maximum days, a 
forecast of water requirements for the 
future was made. A study of the past 
consumption disclosed that there were 
a number of periods during which re- 
strictions on use affected particularly 
the maximum rates and the ratio oi 
maximum to average. The average 
day’s use was also affected by a waste 
survey made in 1931 which reduced the 
pumpage nearly 1 mgd. and the fact 
that the Norfolk & Western Railroad, 
about 1920, had found it necessary to 
develop an independent supply in order 
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. be assured of adequate water for its 
needs. 

The forecast for the future should, 
yj course, be based upon the assump- 
jon that an adequate supply will be 


wailable. On that assumption it is 


100,000. 
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mated Future Population of Roanoke, 
including Vinton, Va. 


estimated that the average day will in- 
crease to: 7.2 mgd. in 1950, 9.0 mgd. 
in 1960 and 12.2 mgd. in 1980, with the 
maximum day 50 per cent above these 
figures. 

The forecast of the average and 
maximum days up to 1960, together 
with the recorded experience of the 
past, is shown on Fig. 2 


Present Sources of Supply 

The safe yield of any water works is 
measured by its ability to deliver dur- 
ing periods of minimum availability. 
The present water supply of Roanoke 
is obtained from a number of widely 
scattered sources. The principal sup- 
ply is secured from Crystal Springs, 
located not far from the center of the 
city, which has a dependable dry 
weather flow of somewhat less than 4 
mgd. During the dry period of 1945, 
Crystal Springs yielded but 3.6 mgd. 
Additional springs, known respec- 
tively as Muse, River and Smith, are 
used as auxiliary supplies. These are 
scattered about the city and in 1937 
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were estimated to have a total depend- 
able yield of about 1.3 mgd. 

About 30 years ago the Vinton wa- 
ter supply was merged with the Roa- 
noke supply. Impounding dams on 
Falling and Beaver Creeks northwest 
of Roanoke are able to deliver a safe 
yield of 1.5 mgd. into the system by 
gravity. This water passes through 
pressure filters and marble beds for 
stabilization in order to reduce cor- 
rosion. 

In a further 
supply the private 
drilled wells near Crystal Springs. 
There are two such wells which, 
pumped jointly, have a safe yield of 
400,000 gpd. The water which they 
furnish is high in iron and very hard. 

The total safe yield of all existing 
supplies is 6.8 mgd., a figure which fails 
by more than 2.5 mgd. to meet the 
maximum demand of the present time, 
and which would only be one half of 


effort to increase the 
water company 
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the maximum demand reasonably an- 
ticipated fifteen years hence. 


Additional Capacity Required 

In comparing the forecasted require- 
ments and the safe yield of the exist- 
ing supplies it is apparent than an in- 
creased supply is urgent. On the as- 
sumption that all of the existing sup- 
plies would be retained in service, the 
capacity of a new development need be 
sufficient only to supply the difference 
between the maximum day’s demand 
and the maximum safe yield of all the 
present supplies. It is believed, how- 
ever, that with the development of an 
adequate supply of high quality the 
wells, and quite probably the springs, 
other than Crystal Springs, will even- 
tually be abandoned. With the assured 
adequacy and the 20-ppm. hardness of 
the new supply it is also hoped that 
the Norfolk & Western Railroad may 
find it to its advantage to purchase 
water again from the public supply. 

It was recommended that additional 
capacity be provided at the present time 
to the extent of at least 6 mgd., which, 
it was estimated, would be adequate to 
as late as 1960. It was, however, 
recognized that in the selection of the 
future supply for Roanoke, at this time, 
the more remote future must also be 


considered. 


Available Sources of Supply - 
Although Roanoke has long suffered 
from severe periodic inadequacies, the 
deficiency has largely been due to the 
failure to develop the water resources 
of the area rather than to the lack of 
availability. The area has an average 
rainfall of approximately 40 in. per 
year. There are numerous watersheds 
within reasonable distance of Roanoke 
which could be developed for Roa- 
Possibly it was this 


noke’s needs. 
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abundance of supplies which to gq 

measure delayed the ultimate devel 
ment. Both the city and the privy, 
company (for the water works syste, 
of Roanoke was privately owned unt! 
1938) had made a number of invest. 
gations looking toward an enlarged jy. 
ture water supply. Two reports mag 
for the city some 20 years ago recom. 
mended taking water from the uppe 
Roanoke River. “The company 
selected Carvin's Cove, first brought t 
the attention of the- management } 
Charles E. Moore, and reported upoi 
favorably by Sanborn & Bogart, cop 
sulting engineers of New York, an 
Dr. Chas. P. Berkey of Columbia Ui. 
versity, who reported upon geologic 
features as affecting storage and dap 
construction. It should be stated thy 
prior to 1932 there were no accurat 
U.S. topographic maps of the are 
available and it was probably for tha 
reason that Carvin’s Cove had escape 
attention for so long. 

In 1936 the private company av- 
thorized Alvord, Burdick & Howson t 
make a study of all practicable source 
and to advise relative thereto. 

The map, Fig. 3, shows the various 
practicable sources of supply availabk 
to the city of Roanoke and their rela- 
tionship geographically to the city it 

self and to each other. 


Each of these supplies was investi: 


gated as to water yield, cost of con 
struction and annual cost of operation 
as well as to the quality of water tha 
would be delivered. 

Analyses of the Carvin’s Cove wate 
showed a total hardness of 20, methy 
orange alkalinity of 10 and an iro 
content of 0.1 ppm. The Roanoke 
River sources showed a hardness of a 
proximately 145 ppm., with methy 
orange alkalinity from 100 to 120, cole 
normally ranging from 5 to 18 ai 
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iron from 0.17 to 0.30 ppm. North 

Fork had the hardest water at 220 ppm. 
The estimated construction and 

annual costs of these projects are: 


Construction Annual 
Project Cost Cost 

Carvin’s Cove $1,908,242 $149,600 
North Fork 3,251,000 279,600 
South Fork 3,606,100 291,300 
Back Creek 1,811,700 206,000 
Shank’s Mill 1,530,500 178,100 
Roanoke River 712,000 134,400 


The estimated construction costs 
varied from $712,000 for Roanoke 
River, developed at a site in Roanoke, 
to $3,600,000 for South Fork, with 


Carvin’s Cove intermediate at $1,900,- 
000, of which $600,000 had previously 
been spent by the company, leaving the 
additional expenditure of $1,300,000 to 
bring the water to the city. In annual 
costs, which include interest and de- 
preciation as well as operating cost, 
Roanoke River at Roanoke and Car- 
vin’s Cove were approximately one- 
half that of North Fork, South Fork or 
Sack Creek, and materially less than 
Shank’s Mill on the Upper Roanoke 
River. 

The Roanoke River (at Roanoke) 
project, while lowest in both first and 
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annual costs, was dropped from con- 
sideration because the sewage of Salem 
and much of the sewage of Roanoke 
entered the Roanoke River above the 
water works pumping station and 
would continue to do so through storm 
water overflows even though the dry 
weather flow were intercepted. 

The Carvin’s Cove supply was, there- 
fore, the next in line from the stand- 
point of both cost of construction and 
annual cost. As that supply was of 
lowest hardness and Carvin’s Cove 
possessed the best reservoir site and 
was capable of future enlargement at 
lowest cost, its development was clearly 
indicated as the best solution of the 
Roanoke water supply problem. 

The city of Roanoke acquired the 
water works by condemnation in 1938. 
Nothing further was done with respect 
to a new supply until 1943, when the 
city of Roanoke authorized an investi- 
gation for the purpose of determining 
the most practicable means of purify- 
ing and bringing the Carvin’s Cove 
water to Roanoke and, in conjunction 
therewith, the most advantageous ex- 
tent and location of storage reservoirs 
to improve distribution and pressures 
throughout the city. The report was 
completed in October 1943. 

In making this investigation a more 
detailed study of the ultimate capacity 
of the Carvin’s Cove project was un- 
dertaken. The concrete dam had been 
built in 1928. Much of the land which 
would be flooded at pool stage had not 
been acquired at that time. The reser- 
voir when filled to the spillway level 
would store 6,470 mil.gal. at elevation 
1,170 ft., whch is 34 ft. above Mill Mt. 
reservoir which now floats on the city 
distribution system. This amount of 
storage is very large in proportion to 
the 17.88 square miles of drainage area 
tributary above Carvin’s Cove dam. 


7 


The relation between the elevation, 
the water behind the dam and the sto 
age volume in billion gallons is show, 
in Fig. 4. From this figure it wil] j 
noted that, while the total height of th 
dam is more than 70 ft., 50 per cent ¢j 
the capacity of the storage reservoir 
in the top 15 ft. below spillway ley¢ 

The yield of a reservoir project j 
not directly proportional to the reser. 
voir capacity. It is a combined resy) 
of several factors, including runoff ang 
its uniformity of distribution, volume 
of storage in relation to runoff, surface 
area exposed to evaporation, etc. 
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ic. 4. Chart Showing Relation Betweer 
Water Elevation and Storage Volume of 
Carvin’s Cove Reservoir—Roanoke, Va. 


There were no records of runoff 
from Carvin’s Cove itself and, accord- 
ingly, engineering studies were made 
of the runoff characteristics of 24 
streams located within a radius of 125 
miles of Roanoke and for which flow 
records were available through the 
United States Geological Survey. The 
daily, monthly and annual average 
flows were studied and from these the 
coefficient of variation from the mean 
of flows in this general area was com 
puted. Using these data by means ol 
the Hazen method of comparing suc 
records it was determined that in the 
driest year likely to occur once in @ 
cycle of 20 years the yield of the Car 
vin’s Cove project would be not less 
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‘han 10 mgd. after allowance for evap- 
oration and all other losses. For all 
other years a much larger yield can be 
obtained. 

The yield of 10 mgd. is estimated 
with the full 6,470 mil.gal. of storage 
available. With a smaller storage the 
yield would be less but it would not be 
decreased in anything like the propor- 
tion to the reduction in storage. For 
ilustration, as indicated on Fig. 5, if 
the storage volume was but 4,000 mil. 

|. instead of 6,470, the yield would 
sill be 9 mgd. or but a 10 per cent 
reduction below that at full capacity. 
If the storage was but 2,000 mil.gal. 
the yield would still be 7.5 mgd. over 
the driest period to be expected once 
ina 20-year cycle. Reducing the reser- 
yoir capacity by the 70 per cent which 
is provided by the Carvin’s Cove dam 
reduces the yield but 25 per cent. 

These facts suggested the study of 
the practicability of bringing in water 
through diversion from other water- 
sheds without the necessity of provid- 
ing storage on those watersheds but 
rather by utilizing the Carvin’s Cove 
storage to greater advantage. 

The Carvin’s Cove project is unique 
in that it lends itself to progressive de- 
velopment by diversion from adjacent 
streams to such an extent that the wa- 
ter requirements for Roanoke can be 
met for the indefinite future. Investi- 
gations showed that by the construc- 
tion of a small diversion dam_ built 
across Tinker Creek (Fig. 3), whose 
drainage area adjoins Carvin’s Cove 
on the east, and a tunnel through the 
dividing ridge, the runoff from this ad- 
ditional drainage area of 12 square 
miles can be diverted into Carvin’s 


Cove and with no change in the exist- 
ing dam or reservoir capacity the yield 
cam be increased thereby from 10 to 15 


mgd. (Fig, 5), 


1946 CARVIN’S COVE PROJECT 


485 


By further similar construction of a 
low diversion dam on Catawba Creek 
whose drainage area adjoins Carvin’s 
Cove on the west, the runoff from an 
additional 21 square miles can likewise 
be diverted into Carvin’s Cove, thereby 
increasing the yield of the present 
reservoir another 5 mgd., making the 
total yield of the three watersheds using 
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Fic. 5. Chart Showing Storage vs. Yield— 
Carvin’s Cove Project—Roanoke, Va. 


Carvin’s Cove storage 20 mgd. This 
yield will be available 19 years out of 
20 after allowing for evaporation and 
permitting a small dry weather flow 
to pass through the diversion dams on 
Tinker Creek and Catawba Creek at 
all times. 

When combined with the present 
sources of supply, the total yield of 
the Carvin’s Cove-Tinker-Catawba de- 
velopment would amount to 27 mgd., 
an amount four and one-half times the 
average requirements of the present 
and twice the estimated average annual 
requirements of 1980. The present 
supplies of Carvin’s Cove alone, with- 
out the Tinker-Catawba addition, will 
provide materially more water than 
will be required by Roanoke till 1980. 

It is apparent that the water require- 
ments of Roanoke can be met with no 
enlargement of the present reservoir 
capacity for a time well beyond any 
date for which it is reasonable to fore- 


cast. This results from the fact that it 

was practicable in the construction of 
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Carvin’s Cove dam to build a structure cluding the 2-mil.gal. clear well at th 
in a narrow gorge at reasonable ex- filter plant, there will be a Storage 
pense and to obtain thereby the eleva- reservoir of approximately 2 mil gal 
tion necessary for gravity flow to Mill located at each of the four corners g 
Mt. The over-development of stor- the distribution system. 

age was somewhat incidental to getting The filter plant is of the conyep. 
the elevation. The wisdom ofthatcon- tional mechanical gravity type of § 
construction becomes apparent in con- mgd. capacity. The water from Cg. 
nection with the development being  vin’s Cove which provides “oversize 


made nearly two decades intemal storage” should be of very low tyr. 
aye bidity. Filters are designed on 2 gal 


Location of Filter Plant Al per sq.ft. rating, with all hydraulic de. 


It is apparent from what has pre- sign based on operating at 50 per cen 
ceded, that it would be practicable, overload. 
through careful selection of filter plant The storage in the top‘12 ft. of Car. 
site and selection of pipeline sizes, to vin’s Cove reservoir will be available t 
operate the Carvin’s Cove supply by the plant by gravity after it is on 
gravity most of the time. Therefore, filled. That storage will amount t 
in selecting the site of the filter plant, over 2,500 mil.gal. and when once filled 
a careful study was made of the topog- will provide a minimum yield of abo 
raphy between Carvin’s Cove dam and 9 mgd. There will therefore be x 
the city. A site was selected which is necessity for low-lift pumping for mam 
located at approximately elevation years after the reservoir is filled, — 


1,150, at a level about half way between On reaching the filter plant the water 
the full reservoir stage at Carvin’s Cove will be flocculated for approximate) 
and the distribution reservoir full stage 45 minutes after receiving the chemical 


on Mill Mt. The city acquired an en- dosage, and will then be settled ina 
tire farm of approximately 85 acres on two-compartment settling basin having 


which this site was located. a total detention period of three hours 
The project consists of a 36-in. pipe- at the 6-mgd. rate. 
line from the Carvin’s Cove dam to a From the settling basins the water 


6-mil.gal. filter plant located approxi- will pass to the four 1.5-mgd. filter 
mately 3,000 ft. south of the dam. units, grouped two units on each side 
From the filter plant a 36-in. main will of a central gallery. The influent is at 
connect to the city distribution system, the back of the filters, as is the wash 
including a 24-in. feeder connecting to water duct, thus providing a very c 
an existing 16-in. main which will feed — pacious pipe gallery with all equipment 


in both directions one line leading di- easy of access. 


rectly to Mill Mt. reservoir. The effluent from the filters is 
The project includes a reinforced through ducts which unite and dis 


concrete roof over the present Mill charge to the 2-mil.gal. clear well, the 
Mt. reservoir, the construction of an water being chlorinated on leaving the 
additional 2-mil.gal. reservoir at City filters. 

Farm in the southwest section of the The 2-mil.gal. clear well is of 20 ft 
city, and the construction of a 2-mil. depth, the mid-depth being at the same 
gal. steel standpipe located inthe north- elevation as the full elevation of Mil 
west section of the city. In effect, in- Mt. reservoir. This elevation is such 
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hat when the filter plant is operating 
the top half will normally be in use 
and at times when Crystal Springs is 
wrnishing the entire supply the lower 
aif only will be available for storage. 

Facilities for feeding alum, lime, car- 
pon and chlorine are provided. Be- 
cause the filter plant will be remote 
fom railroad connections, chemicals 
will probably be received in containers 
and facilities for unloading and _ stor- 
ye are provided on that basis. 

The plant is so designed that it can 
he enlarged progressively as needed to 
the ultimate capacity of the Carvin’s 
Cove development, namely, 18 mgd. 


Selection of Pipeline Capacity 

The size of pipelines from Carvin’s 
Cove dam to the filter plant, and also 
irom the filter plant to its connection 
to the present city distribution system, 
are influenced somewhat by the rela- 
tive elevations of Carvin’s Cove dam 
and existing facilities. Over 35 per 
ent of the storage in Carvin’s Cove is 
inthe top 12 ft. of the reservoir. This 
amount of storage will provide a safe 
yield of 9 mgd. in connection with the 
Carvin’s Cove drainage area, from 
which it is apparent that once the reser- 
voir is filled it can operate by gravity 
with no low-lift pumping required for 
the next 25 years more or less. With 
adequate clear water storage at the 
filter plant, the rate of flow between 
the dam and the filter plant will be the 
average rate for the 24 hours a day. 
Hourly fluctuations will be taken care 
f by storage in the clear water reser- 
voir. A 30-in. pipeline would have 
been adequate for this 3,000 ft. but in 
der to make available by gravity more 
of Carvin’s Cove water this line was 
made 36 in. 

Between the filter plant and the Roa- 
noke distribution system, the pipeline 
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/ 


Fixed Charges @ 6% 


3 
So 


, Power @ 12 mgd 


Power @ 6 mgd 


0 
24 30 36 42 
SIZE OF PIPE -in 


Fic. 6. Chart Showing Pipeline Fixed 
Charges vs. Power Costs—Roanoke, Va. 


will be required to carry peak rates of 
draft except as modified by Mill Mt., 
City Farm and Carroll Avenue reser- 
voirs. The distance is approximately 
35,000 ft. A study of the economical 
size of pipeline for this reach was made 
and the results are shown on Fig. 6. 

The annual cost of a pipeline con- 
sists of interest and depreciation on the 
investment, plus the cost of power re- 
quired for pumping against the fric- 
tion in the pipeline. Obviously the 
larger the pipeline the greater its initial 
cost and the greater the annual fixed 
charges. Also, the less will be the 
friction and the less the pumping cost. 

This exhibit shows in diagrammatic 
form the annual cost, consisting of 
fixed charges and depreciation, and the 
power cost to pump against pipe fric- 
tion and their use in determining the 
economical size of the Carvin’s Cove 
transmission line. The diagram shows 
the total annual cost for 24-, 30-, 36- 
and 42-in. diameter pipe, under pump- 
age rates of 6, 12 and 20 mgd. The 
low point on each of the total annual 
cost curves shows the most economical 
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size for that particular pumpage. For 
instance, the 6-mgd. curve is lowest at 
the 24-in. size, although nearly hori- 
zontal between the 24- and 30-in. The 
20-mgd. rate is lowest at the 42-in. but 
not materially lower than for the 36-in. 
size. This type of analysis is applica- 
ble in evaluating gravity lines as well 
as those which are supplied by pump- 
ing, for obviously decreasing the pipe 
size will make gravity flow inadequate 
and pumping necessary. 
As a result of this analysis, in con- 
junction with the requirements of 
- maximum hour delivery on that part 
of the line from the filter plant to the 
city distribution system, the ultimate 
development of 18 mgd. and a con- 
sideration of the difficulties incident to 
the duplication of the line in the fairly 
remote future, it was recommended 
that the line be 36 in. in diameter. 


Plans and Specifications 


Complete plans and_ specifications 
were submitted to the War Production 
Board late in 1944, but, although the 
plans and specifications met with their 
entire approval, it was not until about 
the middle of 1945 that the board con- 
sidered the war demands for critical 
materials sufficiently relaxed to author- 
ize construction. The City Council 
then promptly called for bids for con- 
struction, and they were received on 
Aug. 20, 1945. 


Filter Plant 


The dimensions of the filter plant 
building were those dictated by utility 
requirements. The dimensions in plan 
and elevation having been determined, 
however, there was as always consid- 
erable latitude concerning the type of 
architecture to be selected. Several 
alternative designs were made, each 
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built around the same measuremey; 
for the building proper and each co 
ing substantially the same. The gi 
selected a southern Colonial type hk 
lieved particularly suitable for gp. 
struction at the site on what is knoy, 


as “Old Plantation Road.” = 


The topography served by the Reg 
noke water works, aside from the cer 
tral business district, varies 200 ft. » 
elevation. The distribytio: 
system is quite deficient in feede- 
mains. The wide variation in topog 
raphy, coupled with the deficiency ; 
feeder mains, has necessitated the cop 
struction of numerous booster station: 
There are now seven such. statiot 
operating on the system. 

An analysis of the relative costs a 
merits of additional feeder main coy 
struction and of strategically locate 


Storage Reservoirs 


more in 


reservoirs demonstrated that the movf + 


economical expenditure of funds f 
the correction of distribution deficier 
cies would be by means of the con 
struction of additional reservoirs. Mi 
Mt. now provides 2 mil.gal. of storag 
in the southeast corner of the cit 
The new Carvin’s Cove clear well, t 
the northeast of the city, will provid 
from 1 to 2 mil.gal., depending upo 
the direction of flow. It was decide 
to build a 2-mil.gal. reservoir at Gb 
Farm, near the southwest section 
the city, and to construct a 2-milg: 
steel standpipe at Carroll Avenue, ne 
the northwest section of the city. Th 
effect of these four reservoirs at th 
four corners of the distribution sy 
tem on intermediate pressures is illu 
trated in Fig. 7. The installation 

these reservoirs will make unnecessa 
the operation of two pumping statio 
under ordinary conditions at least. 
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1200 


MILL MT. 
RESERVOIR 


Hydraulic Grade With 2nd Reservoir — 


PROPOSED 
RESERVOIR 


Ar 4 


40 Ib. Pressure 


20 Ib. 
Pressure 


1000 
Area in Which Pressure Is 
Ground Deficient With One Reservoir 
900 
1. 7. Chart Showing Effect of Distribution Reservoirs on Pressures—Roanoke, Va. 
Contracts In view of the fact that pipe would 
Bids were received for the con- "0% for 
on August 20, 1945. The iter /\ugust was 


ork was divided under eight con- 
tracts. In general, it was found that 
the prices that were bid for materials 
nd equipment were well in line with 
stimates previously made; the bids on 
ilter plant structures were materially 
shove the estimate and although but 
wo bids were received for the pipe 
ying, these were from 50 to 75 per 
cent above the estimate of cost. 
Alternate bids were taken on three 
materials for the 35,000 lin.ft. of main 
line from Carvin’s Cove to the city 
imits, namely cement-lined cast-iron, 
steel cylinder reinforced concrete pipe, 
ud steel pipe with bituminous spun 
ing and either bituminous coated or 
ituminous coated and wrapped ex- 
terior. Contract was awarded to the 
lock Joint Pipe Co. for reinforced 
unerete pipe. Comparative prices 
cre. 
Steel cylinder reinforced concrete $378,411.00 
Steel coated and wrapped $420,693.90 


Steel coated only $377,523.00 
ement-lined cast-iron -$450,81 1.30 


ervoir, are as follows: 


to readvertise the laying contract ‘and 
endeavor to secure broader competi- 
tion. New bids were taken on Sep- 
tember 24. Six bids, varying from 
$637,742.50 to $658,704.37 were se- 
cured. 

In view of the representative bidders 
submitting figures and the closeness of 
the figures submitted, the acceptance 
of the low bid was recommended in the 
belief that it fairly represented the cost 
of the work under existing labor con- 
ditions. Although the nearby Radford 
Ordnance Plant had recently released 
several thousand employees, contrac- 
tors who thoroughly studied the situa- 
tion were extremely pessimistic regard- 
ing the conditions under which labor 
would be available and the efficiency 
with which it would operate. 

The amount of the contracts and the 
successiul contractors for the entire 
work, other than Carroll Avenue stand- 
pipe and the covering of Mill Mt. res- 
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Contract 


Ralph E. Mills 


Filter Plant Structures 
Roanoke, Va. 


Roanoke, Va. 


Bidder 
Co. and Bly the Bros. Co.., 


moun of B 


B—Filter Equipment Roberts Filter Mfg. Co., Darby, Pa. 63,870 

C—Pumping Equipment Worthington Pump & Machinery Corp., Harri- 
son, N.]J. 4,260.5 
D—Slow Mix Equipment Mfg. Co., Columbus, Ohio 4,735 4 
ee and Fittings (In Lynchburg Foundry Co., Lynchburg, Va 41,121): 

ity) 
Pipe and Fittings (Car- Lock Joint Pipe Co., East Orange, N.J. 378.4116 
vin’s Cove to City) 
F—Valves (Altitude) Anderson Valve Corp., Scottdale, Pa. 2,290.0 
Valves (Gate) M & H Valve and Fittings Co., Anniston, Ala. 17,250. 
(;—Pipeline Construction Ralph E. Mills Co. and Blythe Bros. Co., 637,742.5 
7 Roanoke, Va. 

H—City Farm Reservoir Ralph E. Mills Co. and Blythe Bros. Co., 96,700, 


TOTAL $1,664,279 


Estimated cost of Carroll Ave. Standpipe Js 52,000. 
Estimated cost of Mill Mt. Reservoir Roof : 60,000, 
TOTAL $1,776,279, 


W. P. Hunter is City Manager of 
Roanoke. Charles E. Moore is Man- 
ager of the Water Works, a capacity in 
which he has served under both private 
and municipal ownership. Alvord, 
Burdick and Howson, Chicago, were 
consulting engineers for the water 
works project. 


Acknowledgment is made of the fir 
co-operation by various local citizen 
and engineers, particularly W. 
Wiltsee, Chief Engineer of the Norfol 
& Western Railroad, whose knowledg 
of construction conditions and service 
on committees in connection with th 
project were very valuable. 
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Olson ( Jour. 


p. 1006, second paragraph—for 
Fidler Explanation: 


Angeles area is located at La Verne. 


Verne plant, processing water from Be 


cipitation-zeolite plants operating on n 


On p. 1002, second paragraph—for 


The large plant serving 
About 70 miles northwest of Los Angeles 
is Ventura, a city of 20,000 which has a chemical precipitation plant treating 
water from the Ventura River for the city of Ventura supply only. 


atum 
by H. M 


Municipal Water Softening” 


1002 (1945)): 


read La I’erne, Calif 
Ventura, Calif., read La Verne, Calif. 


2,000,000 population in the Los 


Ventura, Calif., 


The La 
yulder Dam, is one of two chemical pre- 
iunicipal supplies. 
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HE wartime problems of the Fort 

Worth Water Works were un- 
ioubtedly very similar to those of every 
ther water works located in a greatly 
ongested war activity center. One of 
the several measures inaugurated to 
ave manpower at Fort Worth was the 
nailing of the 53,000 monthly state- 
ents instead of having them hand de- 
vered. This expedient saved four 
employees, three of whom were as- 
sjgned to other duties. 

Another conservation measure, which 
yas adopted during the summers of 
1943 and 1944, was the voluntary ra- 
tioning of water for lawn sprinkling. 
Through the medium of the press, cus- 
tomers were requested to conserve wa- 
ter so that the department would be 
able to meet the peak demands. The 
response was splendid. As a result of 
asking, not demanding, those persons 
who lived in even-numbered houses to 
confine their lawn and garden sprink- 
ling to Mondays, Wednesdays and Fri- 
days, and those living in odd-numbered 
houses to water on alternate days, with 
0 restrictions on Sundays, water con- 
sumption was reduced by approxi- 
nately 5.8 mgd. 


Capital Improvement 


An item of capital improvement, 
which was made primarily to meet the 
increased demands due to the war im- 
pact, but which will serve equally well 
isa permanent part of the plant, was 


A Wartime Capital Improvement 
By W. S. Mahlie and Uel Stephens 


Chemist-in-Charge, Filtration Plant, Fort Worth, Tex. 
v Supt., Water Works, Fort Worth, Tex. 


Presented on Oct. 16, 1945, at the Southwest Section Meeting, Shreveport, La. & 


the installation of additional elevated 
storage and supply mains. 

Early in 1943 it was believed that 
the only way to meet the increased 
summer demands was to install addi- 
tional pumping equipment. A prelimi- 
nary investigation indicated the need 
for a pumping unit of 15-mgd. capacity, 
operating under an average head of 
270 ft., and a 900- to 1,000-hp. motor. 
Inquiries indicated that the best de- 
livery date to be expected would be 
from 18 to 24 months, which would not 
be in time to alleviate the situation dur- 
ing the summer peak, which was only 
6 or 7 months away. Other studies 
were commenced with the aid of Freese 
and Nichols, Consulting Engineers of 
Fort Worth. The result of the in- 
vestigation indicated that the problem 
might be solved, at least partially, by 
the addition of storage space and the 
installation of larger mains leading 
away from the pump station. This so- 
lution appeared especially attractive, 
since during the past 6 or 7 years, it had 
been necessary gradually to increase 
the pressure at the station gage from 
90 to 115 psi.—a condition which was 
placing the distribution system under 
dangerously high pressures, resulting 
in frequent breaks. 

Materials for concrete storage and 
cast-iron pipe for mains could all be 
obtained with reasonably low priorities 
and delivery could be made in a few 
months. With these considerations in 
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mind, as well as the population curve 
(Fig. 1), plans were developed and 
construction was begun on two storage 
reservoirs and feeder mains. 

Usage studies of meter books and 
pumpage records, terrain investiga- 
tions, trends of population directions 
and other data available indicated that 
the storage should be located in the 
extreme north and south sections of 
the city. (Figure 2 shows the location 
of the two reservoirs with respect to 
the main pumping plant and the busi- 
ness district.) Main capacity to the 
North Side was decidedly deficient, 
while leading into the South Side there 
were 3,000 ft. of 36-in., 6,600 ft. of 30- 
in. and 2,045 ft. of 20-in. pipe which 
could be used as part of the main to 
serve the South Side reservoir. Hy- 
draulic studies of the two projects were 
made simultaneously and the designs 
prepared accordingly ; however, due to 
financial, governmental and construc- 
tion conditions, it was necessary to con- 
struct them at different times. 


The South Side project was ¢ 
signed in January 1943 and approve 
by the War Production Board 
March 1943, which assigned it a or 
ority rating equivalent to AA-3, Be 
cause reinforcing steel was very critic 
at that time the design embodie 
gravity type walls and a minimyp 
amount of reinforcing steel in the roof 
$y August 1943, when the North Si¢ 
project was approved by the WPB, pr. 
inforcing steel had become availabl 
and a conventional reinforced concret 
design for the North Side reseryojr 
was adopted. An earth cover wa 
placed completely over the South Sid 
reservoir, while on the North Side the 
vertical walls extending some 18 ft 
above ground were given simple archi 
tectural treatment. 


Results of Improvement 


It can be seen from Fig. 3 that th 
maximum water level in the two reser 
voirs is at approximately the same 
elevation. The elevation was fixed 
within narrow limits by two existing 
small elevated tanks and the safe pump- 
ing ceiling. The hydraulic computa- 
tions necessary to establish reservoir 
capacities, dimensions and _ elevations, 
as well as main sizes and other essen- 
tial details, were based on a modified 
Hardy Cross analysis of sections of the 
distribution system. An_ important 
consideration in the design of the reser- 
voirs was the desirability of reducing 
the pumping pressures. How well this 
was accomplished can be determined 


from a study of Tables 1, 2, 3 and 4, 


which are individual pump perform 
ance records for peak or heavy days. 
The main Holly pumping plant, 
cated approximately in the center | 
the city, handles all of the water dis 
tributed to the 53,000 customers. Thi 
pumping equipment consists of one & 
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TABLE 1 


Record of High-Service Pump Operation— 
Aug. 13—Peak Day for 1940 


Record of High- Service Pump Operation - 
Aug. 4—Peak Day for 1944 


Pumping Rates—megd. 
Hour No. 1| No. 2| No. 3| No. 4 sure 
15 15 8 
mil. | mil. mil mil. | Total 
gal. gal. gal. gal. 
{2 M.N. | 9.6) 92 
9.6) 9.6| 92 
) | 50} 5.0) 
§.21 
8.5] 91 
5 15.8 7.2| 23.0} 91 
6 14.5 12.0} 26.5} 90 
7 16.0 16.0 | 88 
| 13.7 | 12.3 | 26.0! 96 
9 11.2 | 13.6 10.6 | 35.4 | 102 
10 14.51) $364 10.8 | 35.9 | 103 
11 11.0) 15.8 10.5 | 37.3 | 103 
12 Noon | 16.2) 6.3 8.0} 30.5 | 93 
1 P.M. | 13.8} 8.2 | 10.5 | 32.5] 101 
? 112.4! 13.2} 8.0 | 41.2 | 104 
3 13.2 | 14.0 27.2 | 103 
4 14.0) 14.8 28.8 | 100 
5 15.0 | 12.8 | 10.8 38.6 | 106 
( 12.5| 11.7 | 7.4 | 11.0] 42.6 | 108 
7 11.6| 12.0; 7.8 | 10.4 | 41.8 | 106 
8 10.5 | 7.6 | 10.2 | 39.3 | 110 
9 12:31 8.0 | 11.0 | 31.5 | 106 
10 13.7 12.0 | 25.7 100 
11 6.4| 6.4] 94 
12 M.N. 10.8 | 10.8 | 92 
Maximum| 15.0 16 | 8.2 | 12.3 | 42. 6 | 110° 
Minimum | 11.0) 11. 7 | 5.0) 5.0) 88 


otal Pumpage: 25.41 mil.gal. Total Us- 


we: 25.41 mil.gal. 


mgd., one 12-mgd. and two 15-mgd. 
electrically operated pumps and one 8- 
mgd. steam-driven pump, having a 
total designed capacity of 58mgd. The 
steam unit had been abandoned in 1934 
but had to be put back in service in 
July 1944 in order to meet the in- 
creased demands. All of the electric 
pumps discharge through individual 
Venturi meters and then into a com- 
mon header. Because of interferences 
prevailing under high pressure it was 


| Pumping Rates—med. 

No. 1 | No. 2 | No. 3 | No. 4 

} a mil. } mil. mil. | Total 

: | gal. gal. gal. gal. | 
12 | 10.6} 11.5 10.3 | 32.3 | 108 
tam. | 11.3} 11.5 22.8) 110 
2 11.0 94 
3 11.3 | 11.3] 94 
1 12.4 11.8 | 24.2 | 103 
5 132 12.0 | 25.2 | 100 
6 | 13.3 8.8 22.1 102 
7 14.6 10.9 | 25.5 | 98 
8 15.6 9.2 |13.0*| 37.8 | 98 
9 10.7 | 11.5 | 7.6 |16.0 | 45.8 | 110 
10 11.9} 12.3} 7.8 |18.2 | 50.2 | 108 
11 12.0} 12.7 | 8.0 | 20.0 | 52.7 | 106 
12 Noon | 12.2 | 12.6} 8.1 |17.0 | 49.9 | 104 
1 P.M. 11.6] 12.1) 8.1 |18.0 | 49.7 , 106 
2 11.7| 12.2) 8.0 |17.2 | 49.1 | 105 
3 13.3] 12.0} 7.9 18.0 | 49.2 | 106 
4 10.2 | 10.7} 7.5 |17.0 | 45.4 | 109 
5 9.7} 10.2} 5.0 }15.6 | 40.5 | 111 
6 10.7) 5.1 |18.5 | 43.3 | 110 
7 10.2 11.0! 7.6 |16.2 | 45.0 | 108 
8 11.0} 12.0} 7.9 |18.8 | 49.7 | 105 
9 11.9 | 12.6) 8.1 | 18.0 | 50.6 | 103 
10 10.0} 10.1] 7.4 | 18.2 | 45.7 | 11€ 
11 8.8) 9.5) 7.2 |16.0 | 41.5 | 116 
12 M.N. | 11.4 |10.2*| 21.6 | 110 
Maximum} 15.6 | | 12.7} 9.2 |20.0 | 52.7 | 111 
Minimum} 8.8} 5.0 | 8.8/11.0) 94 


*Steam pump in service 8:00 A.M. to 11:00 
P.M. 

Total Pumpage: 38.43 mil.gal. 
38.43 mil.gal. 


Total Usage: 


not possible to produce more than 53 
mngd. 

Table 1 shows the pump operations 
for the peak day of 1940. At that time 
the average pressure was slightly be- 
low 100 psi. Pumps 1 and 2, which 
are rated at 15-mgd. capacity each, 
were seldom performing at the design 
ratings. In 1945 the summer demand 
for water was in general satisfactorily 
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Diagram Showing Reservoirs and Mains —Fort Worth, Tex. 
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Mains and Fic. 


Showing Storage, 
-Fort Worth 


Sketch 


Pump Station 
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TABLE 3 
Record of High-Service Pump and Reservoir Operations--Aug. 4, 1945 Peak Day 


| Pumpage Rates—med. Reservoir Data 
Time ot — North Side South Side 
\hservation No. 1 No. 2 No. 3 No. 4 
15 15 8 12 ton | 
mil.gal. | mil.gal. | mil.gal. mil.gal. Depth Elevation’ Depth Elevation 
ft. ft. fl. tt. 
yMidnight | 14.5 | 6.8 | 12.5 | 33.8 | 95 16} 749.25) 12! | 750.75 
1 A.M. 14.4 $2.5 0.9 95 16; 749.75 | 12 750.50 
14.8 11.0 25.8 95 18} 751.25 | 133 | 751.75 
ot’ 14.5 10.1 | 24.6 | 98 193 | 752.50) 14} | 752.75 
15.0 23.5 96 203 | 753.50} 153 | 754.00 
14.9 9.6 24.5 97 22 755.00 16 754. 
15.0 12.8 | 27.8 | 97 23 | 756.00 755. 
14.2 13.0 Zi.2 95 233 756.75 174 | 756. 
Q ; 15.5 | 8.1 12.5 36.1 97 232 | 756.75 184 | 756.7 
5.6 9.0 95 23% | 756.75 | 184 | 756.7 
Py 15.9 9.2 12.8 37.9 95 23 756.00 18 756.5 
15.6 9.1 95 756.00 | 172% | 756.2 
Noon 15.9 9.1 12.6 37.6 95 22} 17% | 756.2 
| P.M. 15.9 9.1 12.8 37.8 95 212 | 754.75 173 756.00 
15.8 9.1 12.6 95 214 | 754.50 17} 
15.9 | 91 | 12.8 | 37.8 | 95 203 | 753.75) 171 | 755.75 
16.1 9.1 12.9 38.1 95 20 753.00 17 755.5 
16.0 9.1 12.9 38.0 95 19} | 752.25 | 163 | 755.25 
16.2 9.2 14 38.5 94 19 752.00 163 755.00 © 
16.5 9.3 13.4 39.2 94 18} 751.25 16 754.50 | 
16.5 9.6 13.9 40.0 90 17 750.00 15 753.50 
) 16.2 9.6 13.8 | 39.6 90 | 16 749.00 14 752.50 
15.2 9.1 13.1 37.4 94 154 748.50 134 752.00 
| 15.9 9.0 12.9 37.8 95 16 749.00 133 751.75 
2 Midnight | 14.4 | | 5.5 12.6 | 32.5. 97 | 16 | 749.00 124 | 750.75 
Maximum 16.5 | 16.5 | 96 | 13.9 40.0 98 233 | 756.75 | 181 | 756.75 
Minimum 14.2 | 15.5 5.5 8.5 | 23.5 90 15} 748.50 | 12 750.50 


otal Pumpage: 34.35 mil.gal. Total Usage: 34.39 mil.gal. 


net, although there existed a few low- low their designed capacities and con- 


pressure areas from which some com- sequently operating very inefficiently. 
plaints originated. The greatest pumpage rate, which was 


Table 2 is the actual pumping record — also the usage rate, due to the lack of 
r August 4, 1944 (all-time peak day storage, was 52.7 mgd. at 11:00 a.m. 
or Fort Worth) before the larger In order to supply this demand it was 


wains and reservoirs were put in serv- necessary to operate all five pumps. 
ce. The average pressure throughout Table 3 is the actual pumping record 
the 24-hour period was over 105 psi., for Aug. 4, 1945, the peak day of that 


vith the maximum of 111 psi. All year. The two reservoirs and feeder 
g considerably be- mains were then in service. A study 


| 
| 
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Record of High-Service Pump and Reservoir Operations—Aug. 21, 1945 


— — 


Pumpage Rates—mead. | | Reservoir Data 
Ti | | Pres- | : | 
ime of : sure | North Side South Side 
Observation No. 1 No. 2 | No. 3 No. 4 ey ae — |—— 
12 Total | 
mil.gal. | mil-gal. | mil.gal. | mil.gal. | Depth |E evasion! Depth Elevat 
ft. tt. | ft. 
12 Midnight 15.1 11.5 | 27.0 | 95 203 | 753.75 | 17 | 735.50 
1 A.M. 15.5 8.5 | 24.0 | 93 20 | 753.75 | 16% | 754.75 
15.5 | £23 214 | 754.50] 174 | 755.75 
15.6 | eA | 23.6 | 93 224 | 755.50] 18} | 756.75 
15.5 | £4 | 24.0 | 93 234 | 756.25 | 183 | 757.25 
15.4 9.1 24.5 | 93 243 | 757.50} 191 | 757.75 
15.2 9.1 24.3 | 94 254 | 758.25 | 20 758.50 
| 16.1 9.4 21.0 | 90 | 253 | 758.75 | 20% | 759.25 
9.5 6.4 90 | 25 758.00 | 208 | 759.25 
9.6 7.0 | 90 | 24% | 757.25} 20 | 758.50 
9.1 12.9 | 38.0 | 91 234 | 756.50} 193 | 758.25 
9.1 13.0 | 38.2 | 91 23 736.00 | 19% | 758.00 
12 Noon 9.1 12.9 | 38.0 91 22} 755.25 19} 757.25 
1 P.M. 9.0 | 12.9 | 37.8 | 91 213 | 754.75 | 193 | 757.75 
90 | 12.9 | 37.8 | 92 214 | 754.50] 19 | 757.50 
9.0 | 12.9 | 37.7 | 93 21 754.00} 19 | 757.50 
9.0 | 12.8 | 37.6 | 95 21 | 754.00} 19 | 757.50 
9.0 | 12.9 | 37.8 | 94 21 754.00 | 19 | 757.50 
7 9.0 | 12.8 | 37.6 | 94 203 | 753.75 | 19 | 757.50 
| 9.0 | 12.9 | 37.8 | 92 21 754.00 | 19 | 757.50 
15.1 | | 9.1 | 13.0 | 37.2 | 91 | 20% | 753.75 | 18% | 757.25 
15.1 | | 9.1 12.9 | 37.1 92 203 | 753.75 | 184 | 756.75 
16.0 | 8.0 | 13.3 | 37.3 | 90 | 21 754.00 | 18} | 756.75 
15.6 | 13.0 | 28.6 | 91 | 21% | 754.25] 18} | 756.75 
12 Midnight | 26.5 | 91 | 22. | 755.00] 19 | 757.50 
Maximum 16.1 | 17.4 | 9.6 | 13.3 | 38.2 | 95 | 253 | 758.75 | 20% | 759.25 
— 15.1 | 15.8 | 8.0 | 8.2 | 21.0 90 | 203 | 753.75 | 16% | 754.75 
| | 


Total Pumpage: 31.81 mil.gal. Total iain 31.11 mil.gal. 


of individual pumping rates shows that — which were working under favorable 
each pump was at all times performing head conditions and producing at a 40- 
very near or above the designed capaci- mgd.rate. The remaining 10 mgd. was 


ties. The 1945 maximum pumpage — backflow from the two reservoirs. 


rate of 40.0 mgd. occurred at 8:00 P.M. Pressure was maintained uniformly 
and at that time water was coming below 98 psi., with an average of about 
from the two reservoirs and being 95 psi. Thus, it can be seen that it was 
pumped into the mains at the same possible to reduce the average pressure 
time. The usage rate of 50 mgd. was from 105 psi. on Aug. 4, 1944, to 9§ 
being supplied by three pumps, which _ psi. on Aug. 4, 1945, maintaining the 


had a rated capacity of 35 mgd., but maximum under 100 psi. Even witl 


ail 
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V oll. 38 
Electric Power Pumping Cost (0.66¢/kwhr.)—Sept. 12, 1945 
ii. Aug. 4, 1944 Pressure: Maximum 111 psi., Minimum 94 psi. 
= | Total for Month 
Side Pump Pumpage, Kwhr. | Kwhr. per Cost per Kwhr. per 
ag No. 1,000 gal. Used | 1,000 Gal. 1,000 Gal. 1,000 Gal. 
| 1,000 gal. Kwhr. Used 
10.190 12.700 | 1.25 0.82¢ 265.840 331.100 1.29 
735.50 8.370 10.800 | 1.29 0.85 245.600 319.400 a, 
754.75 5.150 5.800 | 1.13 0.75 119.610 136.700 1.15 
735,73 9.106 12.100* | 1.33" 0.88 218.683 295.500 1.30* 
55.75 
757.25 Total | 32.816 | 41.400 | 1.26 0.83 849.733 | 1082.700 1.28 
758.50 Aug. 4, 1945 Pressure: Maximum 98 psi., Minimum 90 psi. 
759.25 
758.5 7.380 7.600 | 1.04 0.68¢ 235.730 241.500 | 103 | 
758 25 2 8.000 8.300 | 104 | 0.68 248.240 256.100 103 | 
6.500 | 6.500 | 1.00 0.66 138.140 | 138.300 1.00 
757.25 4 12.470 | 12.900 1.03 0.68 242.620 | 248.409 1.02 
757.59 | Total | 34.350 | 35.300 1.03 0.68 864.730 884.300 1.02 
157.50 Aug. 21, 1945 Pressure: Maximum 95 psi., Minimum 90 psi. 
| 
1 | 7310 | 7.500 1.03 0.68¢ 
2 8.450 8.500 1.01 0.67 
7.360 7.300 99 0.65 | 
8.690 9.000 1.03 0.68 
156.75 
157.50 *Pump No. 4 discharge restricted due to steam pump discharging into same 24-in. line. 
-_— | the reduction in pressure it was possi- From the data presented in the tables 
54.75 | ble to supply all demands without hav- it is evident that attempts to reduce the 
—— | ing to resort to the voluntary rationing operating pressure were — successful. 
| which was necessary in 1944, The fact that in the summer of 1945 no 
| Table 4 illustrates how closely the complaints of low pressure were re- 
orable | {WO Teservoirs act in unison under ceived indicates that the customers 
40. fairly heavy demand conditions. It were satisfied. 
1 was | Will be noted that until 7:00 a.m. the Table 5 shows the effect that lower- 
i water levels were within a few inches ing the pressure and operating the 
‘ormly | of being equal. As the full design con- pumps more uniformly over the 24- 
about | ‘tions of usage have not yet been hour period had on the pumping power 
‘t was | Teached, it is necessary to keep the in- cost. Electric power is purchased at a 
aan let valve to the South Side Reservoir rate averaging about 0.66¢ per kwhr. 
‘ gs | ‘rom one-fourth to one-half open so In August 1944, before the larger feeder 
1g the that the flow to the two reservoirs will mains and reservoirs were placed in 
ih | De more nearly equal. service, it cost 0.83¢ per 1,000 gal. to 
i 
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pump water under the pressure neces- 
sary to supply the demands. In August 
1945, with the mains and reservoirs in 
service, the cost dropped to 0.68¢ per 
1,000 gal. Assuming that the same 
quantity of water was pumped in Au- 
gust 1945 as was pumped in August 


1944, the saving in power cost would 
have been $1,297.10. 
in power cost is, 


The cash saving 


of course, important, 


WATER “WORKS “ASSOCIATION 


but the reduction in operating pressyp 
and the operation of pumping equip} 
ment under more uniform condition 
are of greater importance. Thus it j 
felt that, while fulfilling a war deman¢ 
the department has, by careful eng; 
neering and planning, made permaney 
improvements to the water works whic 
will be beneficial for many years ¢ 
come. 
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A Study of Corrosion Control With Sodium — 


Hexametaphosphate 


Asst. San. Engr., Hackensack Water Co., New Milford, N.J. 
Presented on Nov. 8, 1945, at the New Jersey Section Meeting, Atlantic City, N. J. ; 


ODERN water works practice and = opinion exists concerning the merits 
sound engineering principles em- of the treatment. 

phasize that the transmission and dis- A review of the literature dealing 
ribution systems transporting water with the use of metaphosphate in cor- 
efficient and economical, and that  rosion control indicates that much ex- 
here be no deterioration of either the cellent work has been done in studying 
otable or palatable quality of the com- the effect of two variables, i.e., pH and 
modity during the transportation pro¢- phosphate concentration, but that there 
ess. Water works men, in attempt- has been relatively little investigation 
ing to conform with these principles and of the effect of a third and most im- 
practices, are fully aware of the direct portant variable, the rate of flow. 
challenge that the internal corrosion of | Rice (1) has consistently and insist- 
ast-iron and steel mains offers, and ently stated that “an investigation is 
an readily appreciate that the proper incomplete which does not cover the 
protection of water mains is of vital influence of rate of flow on the degree 


bnd growing importance. of protection attained. .. .” 

The industry has attempted to se- In its exhaustive survey of the sub- 
cure this protection against corrosion ject of threshold treatment, the 1942 
by the provision of constantly im- A.W.W.A. Committee on Water Con- 


proved pipe linings, the use of non-  ditioning to Inhibit Corrosion (2) ar- 
metallic pipe material and the adoption tived at two of several conclusions, 
f corrective chemical treatment of the Which, together with the lack of in- 


slant efAuent. formation on the influence of rate of 
During the past few years, correc- flow, stimulated the undertaking of the 

tive chemical treatment employing py- author's investigation. These conclu- 

“phosphates, in conjunction with or- were: 

ganic compounds, silicates and poly- 1. In ferrous metal piping systems, the use 


hosphates, has been the subject of of metaphosphates will nearly always elimi- 
much research. One of the polyphos- te, or at least minimize, the outward mani- 


: . . festations of corrosion, particularly red wa- 
ohates usec rely new 
ghates used in this comparatively new 


‘proach to the problem of corrosion 2. Conflicting evidence as yet forbids a 
control has been sodium hexameta- definite statement as to whether metaphos- 
phosphate. The corrective or thresh- phate does or does not prevent actual cor- 


. rosi f ferrous metals, using the term cor- 
ld treatment has been observed with 1°10" Of Terrous metals 
rosion in the sense of removal of metal from 


seen interest by the water works fra- the surface. The members of the Committee 
ternity, for considerable difference of are not in agreement on this question. 
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It is a well-recognized fact that the 
absence of such outward manifestations 
of corrosion as dissolved oxygen drop, 
iron pickup and increased loss of head 
does not preclude that corrosion is not 
taking place. It is further recognized 
that any chemical used in corrosion 
control must effectively form a protec- 
tive film or coating at the metal-liquid 
houndary, whereby a material reduc- 
tion in the loss of metal from the metal 
surface is achieved. 

The author’s investigation was there- 
fore designed to determine the extent 
of corrosion with both threshold treated 
and untreated water as influenced by 
different rates of flow, and the degree 
of protection attained was measured in 
terms of the actual removal of metal 
from the metal surface, as well as by 
the outward manifestations of corro- 


s10n.,. 


Investigation 


The study was conducted upon as 
practical a basis as possible. Black 
steel pipe was selected as the metal to 
be used, for the reason that its re- 
sistance to corrosion in aggressive wa- 
ters is exceedingly low, and the need 
for protection therefore correspond- 
ingly high. 

The experimental installation was 
erected at the purification plant of the 
Hackensack Water Company at New 
Milford, N.J., and water for the in- 


vestigation was furnished from this 
purified surface supply. The filter 


plant efHuent exhibits a moderately ag- 
gressive tendency, as indicated by a 
inaximum, minimum and average satu- 
ration index of — 1.6, — 0.8 and — 1.2, 
respectively, and was taken as it came 
with all seasonal variations in tempera- 
ture, dissolved oxygen and both chemi- 
cal and mineral content. An average 
analysis of the untreated influent water 
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for the 13 months of the investigation 
is as follows: 


“a a 


ppm. 
pH 
Turbidity 0 


Free CO2 
Alkalinity (M.O.) (CaCO;) 
Soap Hardness (CaCO;) 
Total Iron 


TotalSolids 122 


Magnesium 4.3 
Calcium th» 
Sulfates 29.2 
Chlorides 
Silica 4.2 
Dissolved Oxygen 9.5 


A phosphate dose of 2 ppm. was ap 
plied, for this dosage conformed more 
or less with existing practice on plant 
scale where effective corrosion inhibi- 
tion has been reported. 

The different rates of flow employed 


were 0.05, 0.27, 1.35, and 5.40 gpmJju 
- which are consonant with rates used in] tt. 


actual practice. As an indication of 
the type of flow prevailing at the start 
of the investigation, the Reynolds nun- 
ber for each flow was calculated to be: 


Q—gpm. Reynolds Number Type of Flow 
0.05 175 Laminar 
0.27 828 Laminar 
1.35 4,700 Turbulent 
5.40 18,900 Turbulent 

Installation 


The flow diagram of the experi 
mental installation (Fig. 1) may hk 


briefly described in the following mat}, 


ner. A 55-gal. steel drum served as 
phosphate solution reservoir from 
which the solution flowed by gravity t 
a 15-gal. constant level tank providing 
a Proportioneers pump with suction 


The pump, in turn, discharged the}, 


phosphate solution into untreate 
influent water line connected to a bat 
fled transite header (or mixing chan 


i= 


Vol. 3 


stigation 


ppm. 


Nm 


iw 


to 


Was ap- 
ed more 
on plant 
1 inhibi- 


mployed 
gpm, 
in 
ation of 
the start 
ds nun- 
d to be: 


of Flow 
ninar 
ninar 
rbulent 
-bulent 


experi- 


may be 
ig mali- 
red asa 

from 
avity te 
‘oviding 
suction 
red the 
itreate: 
a bat: 


cham .. 


1. General Arrangement of 


er) from which the now-phosphate- 
ireated water flowed through four 20- 
it. lengths of }-in. diameter black steel 
pipe at different, but constant, rates. 
The effluent thence discharged to 
vaste. 

Two, and later three, 20-ft. lengths 
{ black steel pipe were installed to 
arry untreated water at three of the 
same rates as did the phosphate treated 
vater lines. 

The interior of the steel drum was 
Jeaned and painted with two coats of 
red lead and one coat of aluminum to 
diminate corrosion effects within’ the 
vhosphate solution reservoir. 

The transite header or mixing cham- 
er consisted of a 4-ft. length of 8-in., 
preleached transite pipe, baffled at the 
influent end to insure intimate mixing 
{ the phosphate solution and influent 
water. Taps for four #-in. control 
ipes were made longitudinally along 
the side of the discharge end of the 
transite header, which was further pro- 
ided with an air relief and sampling 
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Corrosion Control 


New Milford, N.J. 


Installation—Hackensack Water 


The }-in. black steel pipes were pur- 
chased in 20-ft. lengths in the open 
market, and were then carefully cut 
into thirteen 18-in. length sections per 
20-ft. length, and threaded both left and 
right to facilitate installation and _ re- 
moval from the experimental system. 

All 18-in. specimens were lightly 
wire-brushed to remove loose mill scale. 
They were then washed with naptha 
gas and alcohol to remove any adher- 
ing grease or oil. The outside of each 
specimen was cleaned and painted to 
prevent loss of iron due to atmospheric 
corrosion. When dried, the sections 
were given a final interior and exterior 
terry cloth rub, and the weight of each 
was determined to the nearest tenth 
of a gram on a laboratory scale. Ob- 
servations were made and descriptions 
were recorded of the condition of the 
interior surface of each section. 

Each line was made up with right- 
and left-hand couplings and, insofar as 
could be determined, the sections were 
drawn up so as to butt within the 
couplings. This was done to minimize 


U 
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the effect of sudden enlargement upon 
the velocity of flow. 

The quantity of flow was maintained 
by operating the flow control valves in- 
stalled at the discharge end of each 
pipeline and, further, the total quan- 
tity of flow for the seven lines was 
checked by observations made on a 
meter installed the main influent 
line for that purpose. 

Petcocks were provided at the in- 
fluent and effluent ends of the pipe- 
lines for the purpose of measuring head 
loss through a loss-of-head manifold 
installed midway between the influent 


and effluent ends of the pipelines. 


on 


General Procedure 


Samples were collected from the un- 
treated influent water line, the transite 
dosing chamber and the discharge of 
the three untreated and four treated 
water lines on the average of once 
every ten days. 

The analyses made on each of the 
nine samples collected included the fol- 
lowing determinations: temperature, 
color, pH, alkalinity, free CO,, dis- 
solved oxygen and total iron. 

At the end of each service period, 
pipe sections removed from the in- 
stallation were replaced with new pipe 
sections prepared in the same manner 
as outlined earlier inthis report. Prior 
to removal and aiter replacement of the 
sections, loss-of-head measurements 
were obtained on each pipeline. 

Upon removal from the system, the 
sections were stored until dry and ex- 
aminations were then made and re- 
corded of the interior condition of each 
section. 

The following procedure for clean- 
ing the removed sections was followed: 

1. The sections were tapped along 
the longitudinal axis, thereby removing 
tubercles and scale formation which 
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by plastic 
flushed with pressure water. 


V ol, 
were collected and stored for future 
chemical and/or microscopic analysis 

2. The outside surface was cleaned 
with white naptha gas. The threads 
on each end were lightly wire-brushed 
and thoroughly bristle-brushed with 
white naptha gas to remove all lamp. 
wick and hardened graphite. 

3. Each section was placed on q 
lathe and dry-reamed with a plastic 
rod. This was followed by five com- 
plete strokes with a wire brush. 

4. The sections were removed from 
the lathe and cleaned in a water bath 
rod plunger action and 


5. Each section was then placed back 
on the lathe, dried inside and out with 
terry cloth, and vigorously _ bristle. 
brushed inside with white naptha gas 

The sections were then washed 
with alcohol, until there was no dis- 
coloration of the alcohol wash effluent 
and allowed to drain and dry. 

After a final interior and exterior 
terry cloth rub, the section was weighed 
to the nearest tenth of a gram ona 
laboratory scale. 

The procedure as indicated above 
proved to be satisfactory for six of the 
seven pipe sections cleaned. — The 
seventh specimen represented that line 
carrying treated water at the 5.40 gpm. 
rate and presented an interior surface 
coating which was extremely difficult 
to remove, in that the coating was 
tough, well knit and firmly adherent. 
As a first step in cleaning operations, 
it was found necessary to wire brush 
thoroughly the specimen in order t 
satisfactorily the corrosion 


remove 
products. 
Following the final weighing oper 
tion, each specimen carefull) 
wrapped and stored for further e& 
amination at some future date. 


*/Day 


Loss of tron — mg./dec 
Pe 


| 
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- future} Results of Experimental Work The corrosion-time diagrams further 
analysis | phe presentation of the results of the indicate that threshold treated water 
cleaned experimental work will be divided into 
brushed | infuence of rate of flow upon the pipe- 
Il lamp-| .aly, and the second deals with a com- reduction in the removal of metal be- 
those yond the indicated critical rate of flow. 
The results, therefore, substantiate 
d on aJ threshold treated and untreated water It 
ice’s contention that “if good results 
dlastic | comparable rates of flow. 
iti s are to be secured, the flow must be 


ve com- 
sh. 

ed from 
ter bath 
on and 


@ 

|, Pipelines Carrying Threshold 
Treated Water Only tad 
Rate of Corrosion: Corrosion-time 
diagrams reveal the extent to which 
protective coatings formed by the prod- 


rapid enough to insure turbulence so 
that intimate contact of the metaphos- 
phate with the surface will be assured” 
(3). 

Other investigators employing dis- 
tilled and natural waters as the corrod- 


ed back} ucts of corrosion or those induced by 
with} chemical treatment affect the rate .of a lect tine 
bristle} corrosion. Such diagrams for the cane of: 
tha gas] threshold treated lines are presented in (4) and. Bulend (5) 
washed Fig. 2. From the figures it will be creasing the velocity of relative motion 
no dis ii ; increased the corrosion rate until a 
effluent, | maximum rate was reached, and that 
No, 2. 0-027 7 further increase of velocity caused the 

exterior} ao} =x rate to decrease. Speller and Kendall 
weighed]; (6), under radically different condi- 
M ON a] No. 4, Q=5.40 gem | tions of experimentation, found that 
§ °9 go 80 120 160 200 240 280 320 360 40 the corrosion rate of steel pipe with 

| above Pittsburgh tap water flowing through 
x of the} Fic. 2. Rate of Loss of Iron in Threshold jt increased with increasing velocity, 
The " Treated Lines - with no indication of a decrease in cor- 

hat line rosion over the entire range covered 
40 gpm. noted that corrosion rates increased by either of the previous investigators. 
surface with increasing rates ot flow to some Russell, Chappell and White (7) 
difficult] Mdicated probable critical rate, after showed that freshly cleaned iron gave 
ng was which, further increase in the rate of results similar to those obtained by 
therent | !ow decreased the corrosion rate toa Friend, ie. the corrosion rate first 
rations, low value. Average daily _Tates ot rose with increasing water velocities, 
e brush] ©rrosion for the duration of the 393 and then, when the velocity had become 
rder to} (avs of the investigation are as follows: high enough to supply oxygen in ex- 
yrrosion Loss of Iron—mg./dec.?/day cess to the whole surface, fell again. 
Maxi- Mini- Aver- _—- Roetheli and Brown (8) concluded 

opera from results of experimentation that 
48.2 27.3 ““A maximum rate of corrosion is ob- 
her ex tained as velocity is increased because 
3.40 66.7 5.8 1.2 of the combined effect of two opposing 


= 
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| Frc. 3. Dissolved Oxygen Depletion in Fie. 4. Iron Pickup in Threshold Treated 


Threshold Treated Lines 


tendencies: (a) the decreased resist- 
ance to diffusion of oxygen due to a 
reduction of liquid film thickness and 
(b) the increased resistance of the cor- 
rosion product at the speed at which 
ferric hydroxide commences to form.” 


Oxygen Depletion: Maximum oxy- 
gen depletion values were found at low 
rates of flow, decreasing to a minimum 
with increasing rates of flow (Fig. 3). 
The maximum, minimum and average 
oxygen depletion results for the dura- 
tion of the investigation were: 


» Oxygen Depletion—ppm. 
Maxi- Mini- Aver- 
Q—gpm. mum mum age 
0.05 3.0 0.2 Az 
0.27 0.6 0 0.32 
1.35 0.4 0 0.07 
5.40 eg 0.2 0 0.03 


This behavior is to be expected, 
since, initially, the time of contact be- 
tween the metal surface and a given 
quantity of water decreases as the rate 
of flow increases, and this variation in 
the rate of flow influences the thick- 
ness of the film liquid and the type of 
corrosion product formed. Roetheli 
and Brown (8) have shown the cor- 
rosion product formed at low velocities 
to be a granular, magnetic oxide of 


Lines 


iron, which is not very resistant to the 
diffusion of oxygen. They further 
found the product formed at high ve. 
locities to be a protective, gelatinous 
ferric hydroxide which greatly retards 
the diffusion of oxygen. 


Tron Pickup: Maximum iron concen-] , 
trations were found in the effluents of]. 


those pipelines carrying the low-rate 
flows, and the iron pickup decreased 
as the rate of flow increased (Fig. 4), 
The maximum, minimum and average 


iron pickup values were found to be:}_ 


Iron Pickup in Effluent—ppm. 


Maxi- Mini- Aver- 

Q—gpm. mum mum age 
0.05 1.27 0.05 0.51 
0.76 0.02 0.20 
1.35. 0.16 0.0 0.04 
5.40 0.07 0.0 0.01 


Products of corrosion formed in con- 
junction with threshold treatment a 
low rates of flow were found to bk 
more easily disturbed and the dis 
coloration of the effluent to persist for 


longer periods of time than was ev], 


denced in the untreated, low rate o 
flow lines. Other investigators (9 
have noticed this effect. 
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fc. 5. Comparison of Loss of Head for a 


Selected Q = 4.0 gpm. 


products of corrosion was found to in- 
crease With increasing rates of flow to 
an indicated critical rate and then to 
decrease with further increase in the 
rate of flow. ; 
To illustrate by comparison the de- 
sree to which tuberculation progressed 
in three of the treated pipelines, head 
losses for a selected Q of 4.0 gpm. 
were calculated on the basis of the ac- 
tual head loss measured in each line 
before and after removal of pipe sec- 
tions. Head losses for the 0.05-gpm. 
line could not be measured with a 1.25 
gr. liquid, and the initial head pre- 


}vented the use of a water column. 


The calculated results, presented in 
graphic form in Fig 5, show the head 
losses to be: 


Loss of Head—ft. per 100 ft. 


Maxi- Mini- Aver- 
Q Actual mum mum age 
0.27, 32.9 — 17.9 
hoo 126.0 11.4 76.1 
5.40 20.9 11.5 16.8 


Examination of the pipe sections 
carrying 0.05 gpm., which were re- 
moved after periods of service, showed 
the effective cross-sectional area to be 
but slightly decreased and the products 
of corrosion to consist mainly of strips 
af flat, reddish-brown scale and sparse 
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Fic. 6. Comparison of Experimental Re- 
sults on Threshold Treated and Untreated 
Lines for Q = 0.05 gpm. 


reddish-brown tuberculation to +g in. 
high, both in definite longitudinal 
streaks, probably due to longitudinal 
breaking of original mill scale in the 
manufacture of pipe. 

A slight decrease in .the cross-sec- 
tional area of the pipe sections carry- 
ing 0.27 gpm. over the 0.05-gpm. sec- 
tions was noted. Scale formation was 
not as apparent as in the 0.05 gpm. sec- 
tions, there being a decided tendency 
to tuberculate in longitudinal streaks. 
Red tubercular deposits to jg in. high 
were found to be more thick and dense 
than those in Line No. 1. 

Line No. 3, which carried 1.35 gpm., 
showed the greatest loss of head, in- 
dicating serious tuberculation. The 
decrease in the cross-sectional area of 
the pipe sections was found to be 
severe, in that the formation of tu- 
bercles became thicker, bulkier and 
higher as the investigation progressed 
until there was but a 3-in. diameter 
channel apparent through those sec- 
tions being progressively removed. 

The 5.40-gpm. pipelines showed only 
a slight decrease in cross-sectional area. 
The products of corrosion were found 
to be a hard, strongly adherent coating 
from film thickness to less than #5 in. 
high with sparse tubercle formation to 
in. high. 


| 
+ 
40 gpm 
20 360 4 
Aver- 
age 
0.51 
0.20 
| 
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II. Pipelines Carrying Threshold 
Treated and Untreated Water 


While the investigation was pri- 
marily intended to be a study of the 
effect of the rate of flow of threshold 
treated water upon the corrosion of 
black steel pipe, the installation also in- 
cluded two lengths of black steel pipe 
through which untreated water flowed 
at two rates comparable to those em- 
ployed in the threshold treated lines, 
namely 0.05 and 1.35 gpm. As the in- 
vestigation progressed, it became evi- 
dent from the results secured that it 
would be of utmost interest and im- 
portance to include another pipeline 
carrying untreated water at 5.40 gpm. 
This line was installed 273 days after 
the start of the original investigation 


and will be discussed in aaa later in 


this report. 
fos 


Rate of Flow 0.05 gpm. 


Rate of Corrosion: The corrosion- 
time diagram, Fig. 6, shows the thresh- 
old treated water to be more aggressive 
than the untreated water, in that the 
loss of iron for the threshold treated 
pipeline proceeded at an average daily 
rate 50 per cent greater than that 
found in the untreated pipeline. Daily 
rates of iron loss for the duration of 
the investigation were: 

Loss of Iron— 
mg./dec.?/day 


Maxi- Mini- Aver- 
Q—gpm. mum mum age 
0.05 Treated 48.2 17.0 27.3 
0.05 Untreated 44.8 11.4 18.1 


Oxygen Depletion: Oxygen deple- 
tion results for the threshold treated 
pipeline showed an average increase of 
0.1 ppm. over the pipeline carrying 
water receiving no treatment. Oxy- 
gen depletion values were found to be: 
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Oxygen Depletion—ppm 


Maxi- Mini- Aver. 

O—gpm. mum mum age 
0.05 Treated 3.0 0.2 1.1 
0.05 Untreated 2.9 0.1 1.0 


Iron Pickup: The results indicate}: 
that the average increase in the irop|*® 


content of the effluent from the thresb- 


old treated line to be 63 per cent aboye |: 


that found in the effluent of the pipe. 
line carrying water receiving no treat- 


ment. Iron pickup concentrations for 
the investigation were: 
Iron Pickup—ppm. 
~Maxi- Mini- Aver. 
Q—gpm. = mum age 
0.05 Treated 1.27 0.05 0.51 
0.05 Untreated 2.47 0.0 0.30 
Loss of Head and Tuberculation;|' 


As mentioned earlier in this report, 


loss-of-head measurements could not}! 


be obtained at this rate of flow, and 
inspection of the pipe sections showed 
both the treated and untreated pipe 
lines to be but slightly decreased in 
effective cross-sectional area. 


of strips of reddish-brown scale and 
sparse tuberculation to in. high, 
both in definite longitudinal streaks 


The interesting observation made gi}, 


the tubercle formation was found to be 
in the difference in appearance of the 
tuberculation. The tubercles formed 
in the threshold treated pipe appeared 
to be flatter and slightly bulkier than 
those found in the line receiving 1 
treatment. 


Rate of Flow 1.35 gpm. 


Rate of Corrosion: The corrosion- 


time diagram, Fig. 7, indicates the}: 


threshold treated water to be more ag- 


gressive than the untreated water fo}! 


this probable critical rate of flow 


The| 


products of corrosion consisted mainly |! 
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wits on Threshold Treated and Untreated 
tines for Q = 1.35 gpm. 


Loss of iron for the threshold treated 
oipeline proceeded at an average daily 
rate 15 per cent higher than that found 
in the untreated pipeline. Daily rates 
firon loss for the duration of the in- 
vestigation were: 


Loss of Iron 
mg./dec.* day 
Maxi- Mini-  Aver- 


Q—gpm. a mum mum age 
1.35 Treated 74.9 39.6 56.1 
1.35 Untreated 77.1 323 48.8 


Oxygen Depletion: Oxygen deple- 
tion values for the threshold treated 


‘lline showed an average decrease of 


03 ppm. below that found in the ef- 
fuent of the untreated pipeline. Oxy- 
gen depletion values for the duration 
{ the investigation were found to be: 


Oxygen Depletion—ppm. 
Maxi- Mini- Aver- 


U—gpm. mum mum age 
1.35 Treated 0.4 0 0.07 
35 Untreated 0.4 0 0.10 


lron Pickup Concentrations: The re- 
sults indicate the average increase in 
ihe iron content in the effluent of the 
threshold treated line to be 0.01 ppm. 
greater than that found in the effluent 
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Fic. 8. Comparison of Loss of Head Be- 
tween Threshold Treated and Untreated 
Lines for Q = 1.35 gpm. 


of the untreated water line. Iron pick- 
up concentrations for the duration of 


Iron Pickup—ppm. 

Maxi- Mini- Aver- 
Q—gpm. mum mum age 
1.35 Treated 0.16 0 0.04 
1.35 Untreated 0.10 0 0.03 


Loss of Head and Tuberculation: 
Loss of head measurements, presented 
graphically in Fig. 8, show the average 
loss of head for the untreated pipeline 
to be 757 per cent higher than the loss 
of head measured in the threshold 
treated pipeline. Maximum, minimum 
and average losses of head were: : 


Loss of Head —-ft./100 ft. 
Maxi- Mini- Aver- 


Q— gpm. mum mum age 
1.35 Treated 14.4 1.3 8.7 
1.35 Untreated 143.8 0.6 74.6 


The results preclude any argument 
regarding the ability of threshold treat- 
ment to reduce the rate of tubercula- 
tion, but, to judge the economic sig- 
nificance properly, the increased loss 
of metal must not be overlooked. 

Inspection of the pipe sections re- 
moved after periods of service revealed 
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both the treated and the untreated pipe- 
lines to be heavily tuberculated, with 
one exception, namely, as the investi- 
gation progressed, the untreated line 
tuberculated to such an extent as visi- 
bly to close off the entire cross-sec- 
tional area, while the treated line still 
contained an effective open channel 
throughout. 

The tuberculation formed in the 
threshold treated line appeared to be 
much flatter and 
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bulkier than that 
found in the untreated line. The term 
“flatter” may be further described as 
indicating a rounded truncated cone, 
which in mass gave the impression of 
bulk when compared to the cone-shaped 
tubercles formed in the untreated wa- 
ter line. 

em: 
Rate of Flow 

Because of the nature of the results 
secured with the threshold treated 
lines, and because evidence was ac- 
cumulating to indicate that at low rates 
of flow phosphate treatment resulted in 
a greater loss of iron than that meas- 
ured in the untreated lines, a seventh 
black steel pipeline carrying untreated 
water at a 5.40-gpm. rate was installed 
273 days after the start of the original 
investigation. 

No exact comparison may be made 
between the treated and untreated lines 
inasmuch as both lines were not sub- 
jected simultaneously to the effects of 
the varying seasonal characteristics of 
the untreated influent water. Never- 
theless, the data obtained warrant in- 
clusion in this report. 

The corrosion-time and loss-of-head 
diagrams, presented in Fig. 9, show 
the average daily loss of iron in the 
threshold treated line for 393 days of 
service to be slightly higher by 2.4 per 
cent than the loss in the untreated line 
which was in service for 435 days. 


5.40 gpm. 
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Fic. 9. Comparisons of Rates of Loss o 
Iron and Loss of Head Between Threshold 
Treated and Untreated Lines for Q=54 
gpm. 


The daily rates of iron loss were as 
follows 


Days 
in 


Loss of Iron— 
mg./dec.?/day 


Service Q—gpm mum mum age 
393 5.40 Treated 66.7 5.8 212 
435 5.40 Untreated 34.2) 11.9 207 
The loss of head developed in the 


untreated line proceeded at an average}! 
rate of 163 per cent above that found]! 


in the threshold treated line, and the 


maximum, minimum and average head]! 


ISSES WETE : 


et Loss of Head— 
Days ft./100 ft. 
in Maxi- Mini- Aver}! 
Service Q—gpm. mum mum_ age 
393 5.40 Treated 38.1 21.0 30s 
435 5.40 Untreated 173.0 10.5 8/ 


Examination of the interior of th 


removed 18-in. length sections during" 


the 435 days of service of the untreatet 
line revealed a progressively dense tu 
berculation to } in. high, while th 
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reated line after 393 days of service 
jhowed yellowish-brown coating 
‘om film thickness to »'5 in. high with 
, slight amount of scattered tubercula- 
jon. As in the case of the 1.35-gpm. 
gow, the threshold treatment displayed 
the same characteristic ability to main- 
ain an open pipe by materially de- 
easing the rate of tuberculation. 


Summary of Results 


This investigation is but one of the 
many further studies necessary for a 
more thorough understanding of the 
orrosion inhibiting effect of the chemi- 
al, sodium hexametaphosphate, and 
s offered as a contribution to the ever 
increasing accumulation of data from 
which conclusions may finally be de- 
rived. 

There is, however, one final conclu- 
jon which may be drawn from this in- 
estigation, and that conclusion is: To 
e of practical value, any corrosion con- 
‘rol investigation must include the in- 
juence of rate of flow. The water 
works engineer can readily appreciate 
this, for distribution systems consist 
{ varied diameter mains, grid-iron 
ind dead ends. 

The summary will be divided into 
two sections, the first dealing with the 
threshold treated lines only, and the 
second with both the treated and un- 
treated lines. 


1. The corrosion inhibiting effect of 
threshold treatment is materially af- 
ected by the type of corrosion product 
iormed at the various rates of flow. 

2. Threshold treatment does not pre- 
vent the actual removal of metal from 
the metal surface at any of the rates 
{ flow employed in this study. 

3. The rate of corrosion (removal 
imetal from the metal surface) was 
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found to increase with increasing rates 
of flow to some critical rate of flow, 
after which the corrosion rate de- 
creased to a low value. 

4. The rate of tuberculation was 
found to increase with increasing rates 
of flow to some critical rate of flow, 
after which the rate of formation of 
the friction causing components was 
materially reduced. 


II. Threshold Treated and Untreated 
Lines 


1. Under conditions of low rates of 
flow and up to and including some 
critical rate of flow, the rate of cor- 
rosion was found to be higher in the 
threshold treated lines than in those 
lines receiving no treatment. 

2. Threshold treated lines showed 
a marked inhibiting effect in the rate 
of tuberculation over those lines re- 
ceiving no treatment. 

3. Under conditions of low rates of 
flow, the products of corrosion formed 
in conjunction with threshold treat- 
ment appeared to be more loosely ad- 
herent to the pipe wall than those prod- 
ucts formed with water receiving no 
treatment. 
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ROBLEMS of raw water quality, 

pollution and pollution control are 
f vital interest to the water works 
erator and the public alike. This is 
specially true in the more densely 
gopulated parts of the country, where 
the surface stream serves as the prin- 
jpal source of public water supply. 
Western Pennsylvania is one of the 
lensely populated parts of the country, 
aving a population exceeding that of 
7 of the 48 states. Some areas in 
vestern Pennsylvania present a com- 
dicated pollution problem, involving 
unicipal sewage, acid mine drainage 
ind a variety of industrial wastes. 
Western Pennsylvania is considered 
‘0 comprise approximately the 22 coun- 
‘ies that drain either to Lake Erie or 
the Ohio River. Figure 1 and Table 
| have been prepared to show the 
lrainage basins, their size, population, 
opulation densities and State Health 
Department Engineering Districts. It 
will be noted from Table 1 that the 
population density on the western 
Pennsylvania drainage basins substan- 
tially exceeds that of the United States 
ot of the entire Ohio River basin. The 


Erie basin has the highest and the 
Beaver basin the second highest popu- 
ation density, whereas the Allegheny 


asin has the lowest population density. 
About 80 per cent of the 4,350,000 
versons residing on the Ohio drainage 
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basin upstream from the Pennsylvania- 
Ohio State line live in Pennsylvania. 
It is worthy of noting that of the 3,- 
500,000 persons residing in these coun- 


TABLE 1 


Western Pennsylvania Drainage Basins and 
Population Data 


Pennsyl- Basin 

vania Popu- 

Drainage Popu- lation 

Basin Basin lation on Density 

Drainage Area Popu- Drainage per 

Basin sq. mi lation Basin sq. mi. 
Erie 512 
Beaver 3,145 
Allegheny 11,730 
Monongahela 7,380 
Ohio River at 22,117 


State Line 


39 per sq.mi. 
Population density on entire Ohio River 
Basin: 92 per sq.mi. 


‘Population density of U.S.: 


ties about 2,400,000 are served by os 
lic water supplies, the source of which 
is the surface streams of the area. 
Municipal water supplies are taken 
from the Allegheny, Monongahela, 
Beaver and Ohio rivers, in that order 
of importance, according to the popu- 
lation served. The Ohio River in 
Pennsylvania serves as the source of 
only one public water supply. 

The Pennsylvania State Health De- 
partment maintains two District Engi- 
neering offices in western Pennsyl- 
vania: District “D’’ comprising the 
seven counties in southwestern Penn- 
sylvania and District “C” the twelve 


| 
ie 
7 
|| 


JOURNAL—AMERICAN WATER WORKS ASSOCIATION Vol. % 


ERIE 
BASIN \ 


' 
Pymatuning 


Wi 


Mosquito Creek 
BEAVER 

|\BASIN 


Youngstown New Castle 


Pittst rgh 
Latrobe 


Uniontown 


MONONGAHELA 
AN 
Aa 
LEGEND 
Coal Fields 


Health Dept. Dists. 
qu Drainage Basins 


Districts 


Western Pennsylvania Drainage Basins, Coal Fields and State Health Departmen |" 


512 
NEW YO R\K nim 
£ nin 
} } \ City ppt, 
> ng 
Y iv 
J 
Y | f 
WEST VIF 
| 
| 
A 
iT¢ 


wnties in northwestern Pennsylvania 
Fig. 1). 

From the industrial standpoint, coal 
mining and steel production are the 
yincipal industries of the area. Coal 
sining predominates in southwestern 
Yennsylvania. From Fig. 1 it will be 
ven that the northern half has little 


rno coal. There is a wide variety 
industries located in the northwest- 
«nm Pennsylvania district, including 
aining, chemical plants, milk process- 
ng and manufacturing, oil production 


nd refining, metal works, distilleries, 
aper, steel and allied plants, tanneries, 
etc. 
In order to discuss raw water quality, 
dllution and pollution control, it is 
visable to consider the effects of the 
nore important pollutants the 
i treams that serve as sources of public 
vater supply. It should further be un- 
rstood that the most important use 
. {any stream is as a source of public 


yater supply. Sewage pollution has a 
nost adverse effect on raw water 
wality because of the danger from dis- 
ase-producing bacteria and the limit- 
ng ability of water treatment plants to 


produce a safe water supply from a 
olluted source. One authority has 
ndicated that a limiting raw water 
acterial loading for a modernly 


quipped water filtration plant, includ- 
ng pre- and post-chlorination, should 
not exceed 20,000 coliform bacteria per 
100 mi. 

} Certain, industrial wastes likewise 
ave adverse effects on raw water 
pists, |uality, chiefly because of their ability 
sins [0 produce taste and odors that are dif- 
icult and costly to remove, if, in the 
Nore difficult cases, complete removal 
an be secured. Wastes of this type 
re the so-called phenolic wastes from 
product coke plants, tar compounds 
rom chemical plants, waste waters 
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from synthetic rubber and wood dis- 
tillation plants, certain oily waste wa- 
ters and organic wastes from tanneries, 
paper mills and the like. Organic 
wastes frequently have high and some- 
times variable chlorine demands, and 
if present in appreciable amounts cause 
coagulation difficulties. Other indus- 
trial wastes have adverse effects on 
water quality by increasing the sul- 
fate content or by producing fluctua- 
tions in pH, alkalinity, hardness, iron 
and/or manganese content, thus com- 
plicating the treatability of these sup- 
plies. The major wastes under this 
latter classification are the spent pickle 
liquors from the steel and allied indus- 
tries. 

Mine drainage also is detrimental to 
water quality. Mine drainage in west- 
ern Pennsylvania generally is acid and 
the discharge of large amounts of mine 
drainage can and is affecting many of 
the streams in the mining areas to the 
extent that major streams are acid 
throughout almost the whole year. 
Mine drainage also contains impuri- 
ties, such as hardening constituents, 
iron, aluminum and manganese, which 
can produce water treatment difficul- 
ties. Mine drainage, if uncontrolled, 
can affect a stream to the point where 
it will no longer be suitable as a source 
of public water supply and can further 
so affect the other uses of the stream 
as to make it a liability, instead of a 
valuable regional asset. Figure 2 
shows the annual alkalinity of the Al- 
legheny River at Aspinwall from 1909- 
44, and indicates the effect of acid mine 


drainage over the years on the alka- — 


linity of this stream. 


Lake Erie Basin 


The Lake Erie basin is the smallest 
basin in western Pennsylvania, yet it 
has the highest population density. 


law 


| | 
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Lake Erie serves as the source of one 
public water supply in Pennsylvania 
—the city of Erie. All municipal sew- 
age discharged to this drainage basin 
is treated. There are four sewage 
plants of complete treatment and two 
plants of partial treatment, including 
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the Erie plant where the settled sewage 
is chlorinated during the summer. A 
number of industries treat their waste 
waters on this drainage basin. Further 
improvement is required in connection 
with a limited number of industries 
discharging waste waters. There is 
no mining on this basin. 


Beaver River Basin 


The Beaver River basin has a drain- 
age area of 3,140 square miles and has 
the highest population density of the 
western Pennsylvania drainage basins 
tributary to the Ohio River. There 
are major pollution problems on this 
basin which are complicated further by 
virtue of the basin’s being located 
two states. The Mahoning and She- 
nango rivers each have drainage areas 
of approximately 1,100 square miles 
and join at New Castle, Pa., to form 
the Beaver River. Most of the Ma- 
honing River drainage basin lies in 
Ohio, with Youngstown, Warren, 
Girard and Niles as the principal mu- 


nicipalities. The more important Pepp. 
sylvania municipalities on the Beaye 
River basin are New Castle, Sharon 
Butler and Beaver Falls. The prin. 
cipal industrial development ste¢ 


and related manufacturing. There ap]; 


four byproduct coke plants, all located 
in Ohio. Coal mining is limited and js 


confined to Beaver, Butler, Lawrenge| ; 


and a part of Mercer counties. Th 
Shenango and Beaver rivers serve a 
the sources of public water supplies fo; 
approximately 150,000 persons; their 
tributaries serve as the sources of wa- 
ter supply for a number of municipal- 
ties. In addition, the major stream 
are used for cooling water by steel milk 
and other industrial establishments 
Recreation on certain of the tributarie 
is becoming increasingly important. 
The state of Pennsylvania  cop- 
structed in 1933 the Pymatuning Dam 
near the head waters of the Shenang 
River to store flood waters and releas 
the impounded water during low river 
flows as a means of improving stream 
sanitation and _ providing industrial 
cooling water. This dam was intended 
to increase low flows at Sharon froma 
record low of 8 cfs. to approximatel 
200 cfs. Similar reservoirs have been 
constructed on the Mahoning and 4 
tributary in Ohio. Milton Dam way 
constructed some years ago on_ the 
Mahoning River to increase low flows 
for the steel mills at Youngstown, and 
during the past several years the fed- 
eral government has constructed the 
Berlin and Mosquito Creek reservoirs 
as multiple-purpose, flood control and 
flow augmentation projects. These 
reservoirs, under present operations 
are expected to maintain mean monthly 
river flows at Youngstown during the 
high temperature period from 300 to 


possibly 500 cfs. 
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Pennsylvania for a number of years 
has been carrying on a pollution control 
program on the watershed of the Beaver 
River and, as a result, every Pennsyl- 
yania municipality is operating a sew- 
age treatment works. There is a total 


AND 
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large an existing plant 
treatment. 

Figure 3 is a profile of the Beaver 
River and its tributaries showing the 
location of the various municipalities, 
their population and size of drainage 


of complete 


of 28 operating sewage treatment areas at the point of sewage discharge 
plants, 11 of which are plants of com- and the gradient of the receiving 
olete treatment. New Castle, Ellwood — stream. 
TABLE 2 gt 
Summary of Shenango River Sanitary Survey—Effect of Flow Augmentation on at i 
Available Oxygen—Upper Zone 
1s- iver yma- al- O um- 
Year and | pera- | | charge | | | Avail | 
Dam, vam. % ppm. at Re- | Sharps termi- 
mi. Sharon, | lease, ville nations 
cfs. cfs. ppm 

1932 (1) 
Jamestown 1.5 | 19.5 | 6.72 | 73.2} 1.49 
Greenville (2) 6.5 19:9 | 7.35 79.6 | 0.88 q 
Clarksville 27.0: |. 20.7 | 7.93 83.8 | 1.09 
Sharpsville 33.0 | 21.6 | 8.30 | 91.5] 0.85 | 47 0 | 7.45 | 1,030) 11 

1937 
Jamestown 1.5 | 22.7 | 6.55 | 75.0] 2.95 
Greenville (2) 6.5 | 22.6 | 6.60 82.9 | 3.13 
Clarksville 27.0 | 23.3 | 7.66 | 88.7] 4.33 
Sharpsville 33.0 | 24.1 | 8.25 96.7 | 3.66 | 343 218 | 4.59 | 2,070 

1938 
Jamestown 1.5 | 24.6 | 7.15 | 84.8} 3.20 
Greenville (2) G5 23.70 | 86.1 | 3.11 
Clarksville 27.0 | 24.7 |. 7.05 92.4} 3.27 
Sharpsville 33.0 | 26.5 | 8.55 | 105.2 | 3.67 202 102 | 4.88 | 1,540 


(1) Before dam constructed. 
(2) Two miles above. 
*To maintain 3.5 ppm. residual D.O. 


City and Mars have had plans prepared 
and approved to modernize and step 
up the degree of sewage treatment, 
have programs to finance the improve- 
ments, and are now doing certain work 
toward that objective. Evans City, 
Harmony and Greenville have em- 


ployed engineers to prepare plans for 
secondary treatment. 
employed engineers to improve and e 


Grove City has 
N- 


All important industries in Pennsyl- 
vania on the watershed treat either par- 
tially or completely their industrial 
wastes. There are a number of inter- 
esting waste treatment plants cover- | 
ing a fairly wide range of industries. 
Studies are being made to decide 
whether a modification of the operation _ 
of the Pymatuning Reservoir can be _ 
made to fit better into the waste treat- 
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gent and water supply program on the _ preciable B.O.D. and otherwise affect _ 
main rivers. the river water. 
The Shenango River between the The Shenango River below Farrell 


and 


32 | pymatuning Dam and the Sharon wa-_ through to the confluence of the She- 
re r works intake, with the exception of | nango and the Mahoning rivers needs | 
2% the zone immediately below Green- further correction. Figure 4 shows the 
$3 |yille, is a relatively clean stream. improvement in coliform density of the 
= |Table 2 shows the effect of flow aug- Shenango River water at the New 
<* | mentation from the Pymatuning Reser- Castle water works intake through the 
ws | oir on the available oxygen on this sewage treatment program. Further 
2 | art of the river, since it is usually con- improvement calls for the completion 
tg of a program requiring the large mills 
to collect and treat the sanitary sewage 
2 | 30000)—+——-> t t or deliver it to an adjacent system for 
20.000} — treatment, the tightening up on sewer- 
| age at two municipal systems and the 
| 8% 8,000 treatment of raw sewage from approxi- 
6,008 mately 2,000 persons discharged to the 
from two Ohio sanitary districts. 
1 eo ee) | A higher degree of sewage treatment 
a | for the larger municipalities may later 
125 1,000 | be required. 

amis eo0 The Mahoning River is probably the 
most grossly polluted stream in this 
=% 300 F 7 part of the United States and little has 
2008 been accomplished by the Ohio authori- 
& = = ties to correct this situation. The prob- 
me Mean Monthly Discharge at Sharon ~ cfs. lem involves sewage, organic industrial 
ou Pic. 4. Effect of Sewage Treatment Pro- wastes, spent acids from large steel 
25 gam on Coliform Densities of Shenango mills and phenols from four byproduct 
E55 | River coke plants having combined capaci- 
ties of approximately 13,000 tons 
= Isidered that the assimilating capacity day. It is estimated in the Ohio River 
+. |of a stream for organic wastes is in- Pollution Report [House Document 
= |creased approximately in relation to No. 266, pp. 419-424 (1944)] that the 
.~ |the increased river flows. The table untreated sewage of 280,000 persons — 
2 2 | gives river results before the dam was and industrial wastes equivalent to the 
<5 |constructed and for the 2 years after sewage from another 150,000 persons, 
‘5, |the dam was placed in full operation. plus practically all of the untreated 
£#JIt will be noted that with flow aug- spent pickle liquors discharged to the 
© 2+{ mentation the discharge at Sharpsville Beaver River basin, are discharged to 
© increased approximately five timesover the Mahoning River within 10 or 15 
EAthe unregulated flow period, yet the miles of Youngstown. The oxygen re- 
¢ “Javailable dissolved oxygen increased quirements of the untreated sewage and 
~ g\] less than twice. This, because the dis- industrial waste in this stretch of the 


solved organic impurities from the river exceed the available oxygen even 
wampy area of the dam impart an ap- on minimum river flows of 300 cfs. 7 


' 

7 


rABLE 3 
Mahoning and Beaver River Phenol Results 
U.S. Public Health Service Data 


Sampling Period Dec. 4, 1940-Jan. 10, 1941, 
Average Discharge of Beaver River at Beaver Falls, 6,330 cfs. 


Miles Number 


Phenol, ppb. 


Fall Maxi: | Mink | Aver 
Mahoning | Above Warren 59.0 13 2 |) £0 1.1 
Mahoning | Above Niles 45.7 13 600 0 141 6.4 | 189 
Mahoning | Youngstown (Mahoning 34.8 13 800} 10 | 223 6.4 | 136 
Ave.) 
Mahoning | Campbell at Youngstown 30.5 13 1,000; 60 | 570 | 64 | 139 
Sheet and Tube Bridge 
Mahoning | Struthers Bridge 29.1 10 2,000; 90 | 929 6.5 | 16.0 
Mahoning | Mt. Jackson Highway Bridge} 17.0 11 1,800} 50 | 685 | 66 | 99 
Shenango | New Castle Viaduct 7S 10 15 0. |} 45 6.8 24 
Beaver Above Beaver Falls 0 11 230} 35 108 6.7 2.3 


Pennsylvania Department of Health Data 
Sampling Period Jan. 12, 1945—Mar. 23, 1945 


cone Phenol, ppb. River 
River Location of Sampling Point anes ot pH ppm. Youngs- 
Samples | Maxi- | Mini- | town, 
ro mum | mum cfs. 


Mahoning | Mt. Jackson Highway Bridge} 17.0 


7 1600 | 140 | 6.8 10.8 618 


The discharge of phenolic waste wa- 
ters from the byproduct coke plants has 
continued to produce intermittent ob- 
jectionable taste and odor problems at 
the downstream Pennsylvania water 
works, principally during the cold 
months of the year. The installation 
of dephenolizing plants with the de- 
phenolized liquors used for coke 
quenching, as is done at the world’s 
largest byproduct plant at Clairton, Pa., 
may be the means of eliminating the 
objectionable condition at the water 
works. Table 3 shows the phenol re- 
sults from surveys made by the U.S. 
Public Health Service and the Penn- 
sylvania Health Department. The 1945 
results show an improvement in phenol 
concentrations over the earlier survey, 


if river flows are considered ; however, 
phenol concentrations, ranging from a 
minimum of 140 to a maximum of 
1,600 ppb. at a point 20 miles below 
Youngstown and 18 miles above water 
works serving 55,000 persons, clearly 
indicate that further controls are neces- 
sary. 

The Youngstown interests have been 
active in securing the construction of 
the Berlin and Mosquito Creek reser- 
voirs, which, as previously mentioned, 
are multiple-purpose reservoirs for 
flood control and flow augmentation. 
These reservoirs, combined with the 
Milton Reservoir, are expected to 
maintain during peak temperatures 
river flows at Youngstown of from 3M 
to possibly 500 cfs. 
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Beginning in 1942, and continuing 
since for the normal low flow months 
of June, July, August, September and 
October, there has been an increase of 
approximately 9,000 per 100 ml. in the 
coliform density of the raw water at 
the Beaver Falls Municipal Authority 
water filtration plants, as compared 
with the same months during the previ- 
ous four years. This coincides with in- 
creased Mahoning River flows occa- 
sioned by a change in the operation of 
Milton Reservoir in 1942 to keep the 
reservoir full in the spring of the year 
for maximum summer release of wa- 
ter, and beginning withdrawal of water 
from the Berlin and Mosquito Creek 
reservoirs in 1943 and 1944, respec- 
tively, plus better Pymatuning low flow 
controls. The increased river flows 
have increased velocities of flow, thus 
reducing the time of travel to the down- 
stream water works, and have lessened 
the effects of the spent acids and iron 
salts from pickling liquors on the sew- 
age discharged in the Youngstown area 
to this stream. Low flow augmentation 
ina case like this, without parallel sew- 
age treatment, can be harmful to down- 
stream water works by increasing the 
effect of upstream sewage on these 
plants. The heavy pollution of the 
Mahoning River and the Beaver River 
below the confluence of the Mahoning 
can only be corrected by adequate sew- 
age and industrial waste treatment on 
the Mahoning in Ohio. Completing 
the Pennsylvania program at two mu- 
nicipalities where steps are now under 
way, as has previously been mentioned, 
will be helpful on the Beaver; how- 
ever, there still remains the Mahoning 
problem with its malign effect on the 
Beaver River. 
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Allegheny River Basin ay 


The Allegheny River drainage basin 
is the largest in western Pennsylvania. 
The principal tributaries are the Kis- 
kiminetas and Clarion rivers and 
French Creek. There is no large popu- 
lation concentration on this basin in 
District “C.” Coal mining and steel 
production are the most important in- 
dustries, considering the Allegheny 
basin as a whole; however, this is not 
true of the large part of the basin lo- 
cated in District “C.” Milk produc- 
tion and manufacturing, oil producing 
and refining, chemical industries, dis- 
tilling, paper manufacturing, tanneries 
and a wide variety of industries oper- 
ate in this area. Most of the mine 
drainage originating on the watershed 
is from the Kiskiminetas drainage 
basin. The Allegheny River upstream 
from the Kiskiminetas and the prin- 
cipal and most of the minor tributaries 
are alkaline. The Allegheny River and 
many of its tributaries are used as 
sources of the public water supply. 

A sewage treatment program which 
has been carried on for some time now 
is beginning to show results. All of 
the municipalities on French Creek 
treat their sewage, with three of the 
plants giving complete treatment, in- 
cluding the largest municipality, Mead- 
ville. On the Allegheny proper, Frank- 
lin and Emlenton are operating pri- 
mary sewage treatment works, and 
Warren, Tionesta, Oil City, Foxburg, 
East Brady, Kittanning, Applewold, 
Ford City and Freeport have employed 
engineers to prepare plans for sewage 
treatment. Most of these municipali- 
ties have constructed all or a part of 
the necessary intercepting sewers, have 
established financial programs to con- 
struct treatment works and have se- 
cured sites for treatment. 
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ville, on Brokenstraw Creek, operates 
a primary treatment plant and Corry 
has recently purchased the site and sub- 
mitted plans for a complete sewage 
treatment plant. Titusville and Rouse- 
ville have employed engineers to pre- 
pare sewage treatment plans and Titus- 
ville has passed a bond issue to con- 
struct the intercepting sewers and 
has purchased a site for treatment. 
Clarion, the only municipality in this 
district on the Clarion River, is oper- 
ating a sewage plant. Brookville, on 
Red Bank Creek, and Sligo, on Lick- 
ing Creek, have employed engineers to 
prepare sewage treatment plans. Five 
more municipalities will receive no- 
tices to prepare treatment plant plans. 
In addition, seven sewage plants are 
being operated on various small tribu- 
taries. 

There are a total of 36 sewered mu- 
- nicipalities on the Allegheny River or 
its tributaries in District “C,” 13 of 
which now operate sewage plants. In 
addition, there are three sewage plants 
of complete treatment serving two 
large institutions and a large industrial 
_ plant. Fourteen additional municipali- 
ties have employed engineers to pre- 
- pare sewage plant plans. Nine mu- 
nicipalities have constructed intercept- 


liminary to treatment, and a number 
have financial programs to construct 
treatment works. Eleven of the mu- 
nicipalities employing engineers to pre- 
pare plans have purchased or are now 
purchasing sites. 

From the industrial waste stand- 
- point, considerable progress has been 
_ made on the drainage basin in this dis- 
trict. There are some interesting waste 
treatment works, consisting of: the 
largest and most complete TNT plant 
waste treatment facilities in the coun- 
try; complete treatment at a large 
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_ ing sewers in whole or part as a pre- 


lol. 38 

whiskey distillery, where the raw waste 
load is the equivalent of the raw sew- 
age of a city of approximately 355,00 
persons ; complete treatment at a large 
cellulose acetate rayon plant, probably 
the only plant of its type in the United 
States; cyanide plating waste water 
treatment by chlorination; chromium 
removal facilities; more milk waste 
treatment plants than the rest of the 
state; oil separators; acid neutralizing 
facilities, etc. There still remains much 
to be accomplished, however, prin- 
cipally in improved control at oil re- 
fineries and oil production on limited 
small oil fields and treatment and/or 
improvements at scattered industrial 
establishments. 

The most objectionable stream con- 
dition on the Allegheny River or its 
tributaries in this area is the heavy in- 
dustrial pollution of the Clarion River 
in an adjoining district. The effects 
of this pollution are noticeable on the 
Clarion River through to the Allegheny 
River and on the Allegheny at times of 
low flow below the confluence of these 
streams. An understanding with a 
power company operating a_hydro- 
electric plant on the Clarion River not 
to draw the Clarion Dam down ina 
short period at times of low flows in 
the Allegheny has helped this situation 
somewhat, but it has not corrected the 
pollution of the Clarion at its source. 

From the mine drainage standpoint, 
Mahoning Creek, one of the larger Al- 
legheny River tributaries, presents an 
interesting picture. Here, large mines, 
some of which are shaft mines, are 
being worked out and abandoned, plus 
limited mine sealing, and the amount 
of acid mine drainage discharged has 
been substantially reduced so that at 
present the sewage of the largest mu- 
nicipality is beginning to be noticeable 
on low flows in this stream. Fish life 
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in a limited way is again being found in 
parts of this stream. 

The proposed Warren Reservoir, if 
constructed to provide flow augmenta- 
tion as planned, will be of decided value 
to the Allegheny River, especially that 
part of the river between the Kiskimi- 
netas and the Ohio, as well as the 
upper Ohio itself. Figure 2 shows the 
maximum monthly acidities of the Al- 
legheny River at Aspinwall for the past 
ten years. It will be noted that the 
trend of the maximum monthly acidi- 
ties during this period is toward an 
alkaline condition. The release of al- 
kaline water by flow augmentation 
from the proposed Warren Reservoir 
would provide sufficient alkalinity to 
make the lower Allegheny alkaline for 
most of the months of maximum acidity 
for the period indicated. The reser- 
voir would also be of value in provid- 
ing reserve alkalinity in the pools in 
the lower Allegheny and the upper 
Ohio to minimize acid surges caused by 
runoff from the acid drainage basins 
without oti runoff from the 


4 


The problem of the lower Ohio is 
substantially the same as the Metro- 
politan Pittsburgh district. This area 
comprises Beaver County, which has 
had a rate of growth exceeding the 
state rate for some years, partially be- 
cause of the Ohio River and the excel- 
lent rail and river transportation facili- 
ties. The only water supply taken 
from the Ohio River in Pennsylvania 
is at Midland, where a complete new 
modern water filtration plant is being 
constructed. Steel and related indus- 


trial production represents the major 
industrial development in this county. 
There i is little coal mining. 
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The discharge of acid mine drainage, 
principally from the Monongahela, 
Youghiogheny and the Kiskiminetas, 
has both adverse and beneficial effects 
on the Ohio River below Pittsburgh 
and in this district. Mine drainage 
contains mineral acids and iron salts 
which act as germicides. Without the 
mine drainage there would undoubtedly 
be a serious pollution situation on this 
part of the river. Mine drainage is 
harmful in that it makes this part of 
the river less desirable for all uses and 
adds to the cost of the users of the river 
water, whether it be for transportation, 
cooling or as a source of public water 
supply. Mine drainage also has a 
marked effect on this part of the river 
by the “‘flush-outs” which occur during 
some low Ohio River flows. Figure 5 
shows the effect of rainfall and a flush- 
out on the Ohio River from the streams 
receiving heavy acid mine drainage 
loadings without corresponding runoff 
from the alkaline drainage basins. It 
will be noted that the discharge of 
the Youghiogheny and Monongahela 
carried out the acid mine drainage ac- 
cumulated behind the various dams to 
the point where its effects were very 
noticeable on the Ohio River at the 
Montgomery Island Dam some 30 
miles below Pittsburgh. The pH of 
the river water at that point dropped 
abruptly from 6.5 to an hourly low 
of 3.8 and returned later to a pH of 6.5 
with more normal river discharge con- 
ditions. This phase of the mine drain- 
age problem needs to be studied, as 
such a flush-out will be noted for miles 
down the Ohio River. 

Recently the Beaver County mu- 
nicipalities along the Ohio River were 
instructed to prepare plans for sewage 
treatment, and even though these no- 
tices were issued prior to the notices to 
adjoining and Allegheny 


> 


E 
if 
ly 
‘4 


JOURNAL—AMERICAN WATER WORKS ASSOCIATION Mol. 38 


| | T I 28,000 
| (\ | | | | 
+ 24000 
| | \ 
| /\ {Ohio River 
Discharge 
| 20,000 
16,000 
12000 
000 
8,000 
Monongahela River_| \ 
Discharge at Braddock 
4.0 | ag 4,000 
| hoger Monongahela River 
| pH | 
July 1945 August 
ashy, Fic. 5. Effect of Acid Flush-Out on Ohio River at Montgomery Dam 4 


County, all of the larger municipali- 
- ties have employed engineers to pre- 
pare treatment plans. Plans are being 
prepared by Ambridge, Aliquippa, Con- 
_ way, East Rochester, Baden, Freedom, 
Rochester, New Brighton, Monaca, 
_ Harmony Township, Beaver and Mid- 
land. One primary sewage plant is 
- now operating to serve a large industry 
along this part of the river. 
From the industrial waste stand- 
- point limited work has been done prin- 
cipally on taste- and odor-producing 
wastes. The three most important 
plants of this type are two dephenoliz- 
ing plants for byproduct coke plant 
waste waters, and waste treatment 
facilities, which are now being com- 
pleted at the largest synthetic rubber 


plant in the United States. The one 
dephenolizing plant was designed so 
that the dephenolized waste waters can 
be used at a future date for coke 
quenching as a means of reducing toa 
minimum the discharge of phenols to 
the river. The new dephenolizing 
plant has been designed to use the 
dephenolized waste waters for coke 
quenching. This latter plant will re- 
place existing coke-quenching _facili- 
ties. Waste treatment at the plant 
producing butadiene and styrene rep- 
resents an interesting problem because 
of the large volume and the character 
of the waste waters. The waste waters 
are objectionable from the water works 
standpoint because of their ability to 
produce a peculiar taste and odor, 
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which are difficult and costly to remove 
if present in any amount. During 
initial operations of this plant, it was 
claimed that taste and odors were pro- 
duced in the municipal water supplies 
as far downstream as Wheeling, W. 
Va.; however, after overcoming initial 
operating difficulties that involved 
operating a new plant above its de- 
signed capacity almost at the beginning 
because of the war emergency, train- 
ing operators in a new complicated 
process, Overcoming mechanical and 
other similar difficulties always pres- 
ent in new installations, and adding 
supplemental waste treatment or con- 
trols to the facilities first installed, this 
plant has since caused little trouble for 
downstream water works. It is ex- 
pected that waste treatment facilities 
for taste and odor control will be com- 
pleted shortly. These facilities are ex- 
pected to effect a high reduction in 
taste and odors in the waste waters. 
The installation of “recovery and bot- 
tling up” facilities on one important 
waste water resulted in the recovery of 
aproximately 4,000 gpd. of low grade 
ether, which was previously lost in the 
plant waste waters. 

Progress and controls in this part of 
the Ohio will be tied in with similar 


progress in the Pittsburgh area. 
Summary 


The major streams and many of 
their tributaries in District “C” are 
polluted in various degrees by sewage 
and/or industrial wastes and mine 
drainage in limited areas. The pollu- 


tion problems vary from a local nui- 
sance in an isolated case to a com- 
plicated case involving important water 
works, where sewage, industrial waste 
and acid wastes all contribute to the 
problem. Stream cleaning in this area 
should be considered from the stand- 
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point of the major drainage basins, yet 
fitting these basin programs into the 
whole western Pennsylvania picture so 
as to secure the desired results. It is 
essential in this area that there be co- 
ordination and co-operation between 
the several states on the drainage areas 
in carrying forward the cleanup pro- 
gram unless only partial benefits are to 
result. The Pennsylvania ratification 
of the Ohio River Valley Water Sani- 
tation Compact is undoubtedly a step 
toward that end. The cleanup program 
should be carried out primarily to im- 
prove the streams from the water sup- 
ply standpoint, endeavoring to com- 
plete first those parts of the program 
benefiting the largest number of the 
public, or those parts of the streams 
where the greatest difficulty is experi- 
enced in producing safe and _ satisfac- 
tory public water supplies. A sug- 
gested order of importance is: (1) ade- 
quate treatment of sewage, (2) better 
controls over the discharge of taste- 
and odor-producing waters, (3) better 
controls over the discharge of indus- 
trial wastes causing water treatment 
difficulties, (4) mine sealing, (5) flow 
augmentation with emphasis on those 
reservoirs best fitting into the pollution 
control program, and (6) the treat- 
ment of other industrial wastes. Cer- 
tain of these activities should be carried 
out concurrently in order to secure the 
desired results. Federal funds should 
not be provided to construct works 
capable of materially modifying river 
flow conditions to the detriment of 
downstream water works unless such 
improvement is accompanied by parallel 
and adequate treatment of objection- 
able wastes discharged to the stretch of 
stream under consideration. 

Flow augmentation is important to 
pollution corrections in this area as in 
most cases it contributes alkalinity to 
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neutralize acids ; dilutes the mine drain- 
_ age discharged ; smooths out slugs from 
_ acid mine drainage discharges or from 
unregulated industrial waste  dis- 
_ charges; provides additional oxygena- 
tion during the critical stream flow 
_ period of the year, thereby increasing 

the assimilating capacity of the stream 
_ for organic wastes; limits temperature 
increases caused by large industrial 
users of the stream; and is of value for 
recreation, navigation and other pur- 
_ poses. The proposed Warren Reser- 
voir on the Allegheny River and a 
reservoir on French Creek would be of 
_ greatest value in this district. Pollu- 
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tion control in parts of this area will be 
difficult because of the population den- 
sity and complicated problem; how- 
ever, it can be accomplished by a com- 
prehensive program involving educa- 
tion and publicity, backed by active. 
intelligent and persistent effort to that 
end. Simplified ways and means of 
financing these improvements, includ- 
ing a continuing program of mine seal- 
ing, are essential to the program, 
Some hold that there is an obligation 
on the part of the state to participate 
in financing this program. Certainly 
such participation would assist greatly 
in carrying the program to completion. 
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URING much of the first week of 
any month, most households are 
confronted with a batch of mail adorned 
with plate glass fronts. It is a good 
old American custom and will persist 
as long as credit is extended—which 
will probably be much further in the 
juture than any of us care to predict. 
Perhaps a spirit of ennui existed 
originally when the first water bills 
were rendered. At any rate we have 
adhered strictly to the old saying that 
“In the matter of successful imitation, 
man is a monkey’s superior.” We all 
do the same thing, i.e., render bills not 
more often than every three months. 
There are, of course, the specific ex- 
ceptions of large users which are com- 
monly billed monthly. 

It is the author’s belief that one of 
the main reasons for the hesitancy of 
all water purveyors to establish a 
change in rates (unless it be down- 
ward) is the fact that water bills are 
paid quarterly and are usually of an 
amount sufficient to cause concern 
when an increase is incurred. This 
is not a plea for a change in billing, 
but merely a statement of fact. It may 
be fairly estimated that the average 
household bill is between $4.00 and 
$6.00 per quarter. An increase in 
rates, of say 10 per cent, would be 
immediately observed and the pro- 
tests would be voluminous. On the 
other hand, if the bill were rendered 
monthly, a 10 per cent increase would 
hardly be noticed. 
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New Developments in Water Rates 


By Charles H. Capen Jr. 


‘ Chief Engr., North Jersey Dist. Water Supply Com., Wanaque, N.J. iy 
Presented on Dec. 15, 1945, at the Four States Section Meeting, Baltimore, Md. 7 


For some reason that is not wholly 
clear, electric and gas utilities have 
generally adopted the monthly billing 
system. Heretofore they have not been 
as much troubled with minor adjust- 
ments in rates, largely because the cost 
of production, particularly in the case 
of electric current, has been down- 
ward. This is said in spite of the many 
utility rate cases that have been before 
the public. 


Rates After First World War | 


Between 1918 and 1925 there was 
an almost universal clamor for changes 
in the rates charged for water. To 
their credit it may be said that the 
private water companies persisted in 
their efforts in this direction and ob- 
tained a rational rate increase. In 
many instances the publicly owned sup- 
plies did not, and the resulting debacle 
of their financial structure in the early 
thirties was directly attributable to the _ 
failure to do so. Many of them were _ 
forced to place surcharges on water | 
bills at a time when all other costs were — 
at a low ebb. Certainly the reverse | 
would have been much more gracious _ 
and would have been possible if the | 
correct policy had been adopted earlier. 


= 


Future Rates : 

There is no doubt that the increased _ 
costs of labor and material have al- 
ready had a noticeable effect on net in- 
comes from water supply properties. 
It is the belief of the author that the — 
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great wartime increase in gross in- 
come is the basic factor in deterring 
many operators from vigorously seek- 
ing a rate adjustment. 

Already there are noticeable de- 
creases in the use of water. It is cus- 
tomary in such instances, however, to 
find that the decrease is very largely 
industrial and in such brackets as not 
to cause a proportionate decrease of 
income. Thus, during the depression, 
loss in revenue often did not exceed 
half the reduction in water usage. In 
other words, while reduction in usage 
_ averaged perhaps 15 per cent, revenue 

loss was about 8 percent. This showed 

clearly that the large variations are 
usually industrial. 

When one considers how great the 
loss was in most other business ven- 
_ tures in the early thirties, it becomes 
pertinent to ask why water supplies, 
: particularly those publicly owned, were 
-in such bad financial condition. The 
answer lies very largely in two items: 
_ insufficient rates and large mandatory 
budget obligations. Of the first, a brief 
expression of ideas has already been 
_ given herein. Of the second, it may be 
_ pointed out that tremendous expansion 
of indebtedness in the late twenties 
created situations where as much as 
75 per cent of all water income for 
some cities was being paid out for debt 
service. The peak of many of these 
payments arrived simultaneously with 
the depression. This left only 25 per 
cent of the revenue available for opera- 
tion. An 8 per cent loss in gross reve- 
- nue meant that operating expenses had 
to be reduced one-third in order to 
operate without a deficit. Small 
wonder then that water works men 
suffered severe cuts in wages. 

In attempting to learn a lesson from 
‘past experience it is necessary to keep 
all these facts in mind, as well as to 
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try to predict future conditions. While 
widespread strikes in the country would 
normally cast a curtain of gloom, the 
continually rising trend in wages, costs 
and demand for goods does not indj- 
cate any serious industrial let-dows, 
Economists seem to believe that many 
of the strikes will be settled early in 
1946 and that labor will be getting a 
higher rate of pay than before the war, 
The bugaboo of take-home pay is be. 
ginning to lose some of its effective. 
ness, partly because of diminishing war 
bond subscriptions and partly because 
income tax deductions not only may 
be less but also are becoming better 
understood, or at any rate more readily 
accepted. 

Generally speaking, water works 
men are looking for a gradual resump- 
tion of water consumption up to a 
point at least exceeding that of the 
prewar period, even if not equal t 
wartime peaks. Most water supplies 
have deferred large expansions and 
some are in a far less favorable situa- 
tion to meet such demands than in the 
late twenties. It is only natural to 
suppose that the pent-up measures of 
expansion will soon become realities. 
This will call for more bond issues, 
more personnel and, most important, 
greater costs. 

More often than not, water supply 
systems do not build up large financial 
reserves. The private companies are 
skeptical of government attitudes and 
anticipate inroads on surplus or on 
profits. The public departments fear 
a raid on their treasury to eke out the 
tax budget, and often it is in the nature 
of a very substantial contribution to the 
city coffers—not a mere token pay- 
ment. Thus there arises the frequent 
necessity of adjusting rates to fit im- 
mediate circumstances. No one caf 
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deny that such practice is indefensible, 
hut nevertheless it exists and probably 
will continue. 


Wholesale Water 


In many areas in the United States 
water is sold at wholesale to entire mu- 
nicipalities. These cases call for a 
special consideration. They vary from 
the usual problem of rates that indus- 
trial users are charged because fre- 
quently there is involved the transfer 
of water from one transmission system 
to another without reference to dis- 
tribution costs. 

One of the most complicated of these 
situations exists in northern New 
jersey where some 14 per cent of the 
metropolitan area receives water which 
is purchased wholesale from other com- 
munities or companies. There are 33 
separate communities and two water 
companies which obtain all their wa- 
ter by this method, in addition to 
several that receive parts of their sup- 
ply similarly. In all there are over 50 
separate and distinct instances in which 
water is so billed and paid for in this 
one area. The prices vary from $77.50 
to $300 per mil.gal. Generally speak- 
ing, the large users buy water for $100 
or less per mil.gal., with an average 
around $85, while most of the small 
users pay $150 or more, with an aver- 
age around $175. The variations are 
much wider and more erratic among 
the smaller users. 

The influence of such cases is most 
important on the rates to be charged 
the retail consumers, largely because 
of the fact that these wholesale prices 
rarely are reduced but frequently are 
increased. The municipalities so served 
can never hope to pay off indebtedness 
on the source of supply and thus re- 
ceive an ultimate benefit in reduced 
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rates. Usually they are not geo- 
graphically situated so as to be able to | 
own a source of supply and cannot af- © 
ford to purchase a share of an existing © 
one. 
The individual user always pays | 
these costs. It is difficult to evaluate _ 
all the factors involved to show a rea- 
sonable comparison, but it has been — 
found from frequent excursions into | 
this field that the retail rate, to be self- 
supporting, usually has to be at least 
twice the wholesale rate and more — 
usually is nearer three times that figure. — 

Individual users outside a regular 
area (usually defined by municipal — 
boundaries) are charged at rates vary- 
ing all the way from the same unit 
cost to one and one-half times the cost 
and there are believed to be instances _ 
where greater ratios have been em-_ 
ployed. Private companies are not 
usually plagued by the same considera- 
tions as municipalities. A plea can 
well be made here for a more general 
criterion that could serve as a guide © 
for those dealing with this perplexing — 
problem. Frequently it consumesmore _ 
time and study than the revenue justi-— 
fies, but it is nevertheless a case that 
must be considered. 


The Problem 


Most water works men hesitate to 
try to overcome public resentment to — 
a large change in residential rates. Yet 
this is precisely what is apt to happen > 
unless the expansions of the postwar — 
period can be met out of financial re- | 
serves or unless the saddling of dis-— 
proportionate debts is to be re-enacted. 

In 1923 a Committee of the A.W. 
W.A. submitted a report advocating 
steps and ratios for various types of 
The author has drawn atten- 


service. 
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past to the fact that little or no atten- 
tion has been paid to this recommenda- 
tion. The problem therefore is for each 
system to work out an equitable ar- 
rangement of rates and then to go to 
bat to make it stick. 

Role of Industrial Water 

Industries that require large quan- 
tities of water shy away from localities 
that charge high rates for water. There 
are too many instances of this known 
to all water men to necessitate any 
enumeration here but some outstand- 
ing examples might well be mentioned. 

A large company engaged in mak- 
ing cellophane is reported to have se- 
lected a site in Mexico for future de- 
velopment for two primary reasons: 
first, it requires vast quantities of wa- 
ter (reported to be as much as 400 
mgd.) and secondly, the question of 
treatment of the trade wastes has not 
been raised. A large chemical industry 
in New Jersey contemplated expansion 
of its plant and made overtures for ob- 
taining a low-priced industrial water. 
Negotiations failed and the plant is to 
be located in another state. 

New York City is the center of 
myriads of small industries, but few 
large users of water ever move there. 
One reason is that few companies can 
afford to pay at the rate of $200 per 
mil.gal. for any extensive supply. 
Furthermore, New York is not alone 
in this situation, as may be readily dis- 
cerned by scanning the rates of other 
cities. 

If industry is to be encouraged to 
remain or to expand in many of the 
present locations, or if new industries 
are to be persuaded to enter metropoli- 
tan areas, then it is obvious that either 
they must be of the type that use little 

water or the rates must be attractive. 


Comparison With Other Utilities 


Quite often persons not familiar with 
the trade ask why water rates canng 
be arranged to give a set of steps 
similar to those commonly employed by 
electric utilities. Typical electric bill 
to all types of users were reviewed and 
it was found that the ratio of maxi. 
mum residential rate to minimum jp. 
dustrial rate is ten to one. This jg 
rather typical of many electric rate 
and is obviously a far greater ratio than 
ordinarily exists with water supplies 

On the contrary, a study was mae 
of illuminating gas rates of a large gas. 
producing utility. It was found that 
the residential rate begins at a $1. 
minimum for 400 cu.ft. per month, or 
theoretically 25¢ per 100 cu.ft. Ae. 
tually this is partly a service charge 
Thereafter the steps start at 11¢ per 
100 cu.ft. and reduce to 5¢ in the higher 
brackets of usage. Wholesale rates be. 
gin at $100 minimum for 100,000 eu.ft, 
i.e. 10¢ per 100 cu.ft. and reduce to 
3.5¢ when the quantity is in excess of 
500,000 cu.ft. per month. 

A further investigation was made of 
this case because it seemed _ possible 
that the gas and water costs might have 
considerable in common. It was finally 
learned that the gas rates mentioned 
herein do not allow any profit when 
dealing with large consumers. The 
history of the case was that during the 
depression the company had a large re- 
serve producing capacity. In order to 
keep this in operation, a campaign to 
foster household and industrial use of 
gas was initiated. It was eminently 
successful—so much so that when the 
war needs were added to the greatly 
enlarged house heating demand, the 
company found itself straining its ca 
pacity and at costs which barely met 
the out-of-pocket costs, to say nothing 
of amortization, 
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It is axiomatic that situations such 
»s this apply with equal force in the in- 
gance of water supplies. Selling wa- 
er at out-of-pocket costs may be all 
ight until a drought it 


is dangerous. 


The solution to this problem lies in 
the direction of either producing and 
ling more water without increasing 
overhead costs materially or in estab- 
ishing low-cost industrial supplies. 
Much may be said in favor of the first 
method, particularly with the low inter- 
et rate at which improvements may 
be financed today. The deterring fac- 
tors are those of high labor and max 
terial costs. In the long run the ability 
to take advantage of producing and 
glling more water cheaply should work 
to the advantage of those supplies 
which were perhaps a little over-op- 
timistic in the late twenties and then, 
because of overexpansion, took it on 
the chin financially during the depres- 
sion. 

Generally speaking Jupiter Pluvius 
was rather kind to the country as a 
whole during the high peak uses of the 
war period. Partly because of this and 
partly because of some few plant addi- 
tions made during the war, there ap- 
pears at the moment to be a fairly rea- 


The Solution 


sonable reserve capacity in many 
sources. To place this water on the 
market by means of suitable rates 


could readily be the instrument by 
which industries could be induced to 
look favorably on locations where such 
water is available. If this is done it 
will aid in the postwar development 
period. The extent to which it will 
aid depends partly on the facilities that 
lay be available and partly on the will- 
ingness of water works managers to 
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recognize the necessity for ict i 
their rate schedules. 

Possibly one of the earliest examples — 
of the second method, that of a low-_ 
cost industrial supply, was instituted by © 
Alexander Hamilton in 1791, when he 
formed the Society for the Establish- 
ment of Useful Manufacturers (S.U. 
M.) at the Great Falls of the Passaic 
River at Paterson, N.J. This a 
prise is still in existence and was just 
recently acquired by the city. Both 
water and power were furnished. 

In 1850 the Dundee Water Power | ; 
and Land Company built adam on the 
Passaic River a few miles below the_ 
Falls and furnished water for power 
and industrial uses via a canal. Origi- 7 
nally a mill power (about 3 mgd.) cost — 
$700 per year. The canal still snetol 
and water is sold on various bases 
averaging around $7.50 per mil.gal. — 

A few years ago, three large indus- 
trial concerns built a supply on South 
River near Spotswood, N.J., to furnish 
water for their mutual benefit. The 
delivery in recent years is said to have 
been about 15 mgd. 

At present the state of New Jersey 
is rehabilitating the old Delaware and © 
Raritan Canal as a channel for carry- 
ing Delaware River water over to the ~ 
industrial area in the Raritan River — 
valley. This work is now in progress | 
and it is estimated that 75 mgd. will | 
be available from this source some time 
next year. Thecontemplated schedules _ 
of charges now under consideration in- 
cluded at first one in which the rate — 
would be $25 per mil.gal. for the first 
250,000 gpd. and reducing to $5 per 
mil.gal. for everything over 16 mgd. 
A more recent schedule considered — 
would start at $20 per mil.gal. and re-— 
duce to $10. 

The Panther Valley Water Com-— 
pany, which furnishes water to the © 
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Lehigh Coal and Navigation Company 
at $30 per mil.gal. is another example. 
The output is about 10 mgd. 

Perhaps the best known in the East 
is the industrial water supply for Birm- 
ingham, Ala., which furnished 34 mgd. 
in 1944 with rates starting at $70 per 
mil.gal. for the first 100,000 gpd. and 
reduced to $20 per mil.gal. for all over 
10 mgd. 

It is in the far West that canal proj- 
ects have really come into their own. 
Many of these are for irrigation and 
other uses. One outstanding example 
is that of the Contra Costa Canal in 
the Central Valley Project of Cali- 
fornia. Approved in 1935, construc- 
tion was carried on under the Bureau 
of Reclamation. Charges are based 
on U.S. operation and maintenance 
costs, plus an operating contingency, 
collectible in advance. These costs for 
1944 were nominally $13.95 per mil.gal. 
for large industrial, municipal and agri- 
cultural users. Other agricultural wa- 
ter costs $18.40 per mil.gal. 


yew 


Conclusions 


Most water rates to large users are 
too high to appear attractive to indus. 
tries using considerable quantities. 

The following methods are suggested 
to those who wish to meet this situa. 
tion in order to attract industries: 

1. Review and revise the scale of 
rates so as to bring the large user cog 
as low as possible and consistent with 
actual costs and a reasonable profit, 

2. Construct such low-cost additions 
to supply as may be feasible to bring 
down the average cost of producing the 
water to the point where the price will 
be favorable. 

3. Take advantage of low interest 
rates to make such other improvements 
as may be necessary to facilitate this 
program. 

4. Construct or join in construction 
of such industrial supplies as may be 
found desirable or necessary. (Note: 
This is said with due deference to the 
important matter of cross-connections.) 
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Chicago’ Ss Sale of Water to Outside Municipalities 


By William A. Weigel 


Asst. Engr., 


HE city of Chicago and municipali- 

ties adjacent to the city receive their 
water supply from Lake Michigan 
through six intakes to 3 miles off 
shore. The water passes through 65 
miles of tunnels in solid rock to twelve 
pumping stations by direct pumping 
into 3,883 miles of 6- to 54-in. mains. 

The total annual average daily pump- 
age of the Chicago Water Works 7" 
the year 1944 was 977,265,000 gal., 
which 60,642,000, or 6.2 per cent was 
delivered and sold to municipalities at 
the city limits. 

By the terms of Sec. 26 of the Sani- 
tary District Act (para. 348, page 1351, 
chap. 42, Illinois Revised Statutes 
(1943) ) the city of Chicago for over 36 
years has been furnishing water to 
municipalities and is now supplying 
water to 40 municipalities having an 
estimated population of 387,000. 

The act reads as follows: 


Water Pipe Extension Div., 
Presented on Oct. 30, 1945, at the Illinois Section Meeting, Chicago, IIl. 


Whenever in any such sanitary district 
there shall be a city, incorporated town or 
village, which owns a system of water 
works and supplies water from a lake or 
other source which will be saved and 
preserved from sewage pollution, by the 
construction of the main channel, drain, 
ditch or outlet herein provided for, and 
the turning of the sewage of such city 
and district therein, and there shall be 
in such sanitary district any territory 
bordering on any such city, incorporated 
town or village, within the limits of an- 
other city, incorporated town or village, 

te 
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Water Dept., Chicago, Il. 


which does not own any system of water 
works, at the time of the creation of such 
sanitary district then upon application by 
the corporate authorities of such latter 
named city, incorporated town or village, 
the corporate authorities of such city, in- 
corporated town or village, having such 
system of water works shall furnish 
water at the boundary line between such 
municipalities by means of its water 
works to the corporate authorities asking 
for the same in such quantities as may be 
required to supply consumers within said 
territory, at no greater price or charge 
than it charges and collects of consumers 
within its limits for water furnished 
through meters in like large quantities. 

Provided, however, that where any 
such latter named city, incorporated town 
or village has no territory bordering 
upon such city, incorporated town or vil- 
lage so owning a system of water works 
and supplying water as aforesaid, such 
latter named city, incorporated town or 
village may receive water in the same 
manner and under the same conditions 
as though it had territory bordering upon 
such municipality owning a system of 
water works and supplying water as 
aforesaid; provided such latter named 
city, incorporated town or village builds 
or causes to be built suitable and sufficient 
water mains to the limits of such city, 
incorporated town or village so owning 
a system of water works and supplying 
water as aforesaid to connect with the 
water mains and receive the water from 
such city, incorporated town or village 
so owning a system of water works and 
supplying water as aforesaid. 
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For a municipality to obtain a sup- 
ply of city water it must first make 
written application to the Commis- 
sioner of Public Works, submitting the 
following information : 

1. Quantity of water required— 
annual average daily and maximum re- 
quirement for any one day to be used 
during the next 10 years. 

2. Size and location of 
desired to city main. 

3. Present population and estimated 
population for the next 10 years. 

4. Size and route of connecting main 
to city limits. 

5. Capacity and character of exist- 
ing and proposed storage facilities. 

6. Size and location of emergency 
water connections with other munici- 
palities and corporations. 

7. Map of present water distribu- 
tion system, together with the extent 
of its corporate limits. 

8. Amount of total annual 
revenue and expenditures. 

9. Amount of cash on hand, bonds 
outstanding and additional bonds that 
can be raised. 

10. Copy of last audit report of wa- 
ter fund. 

Upon receipt of application by the 
Commissioner of Public Works for a 
supply of water by municipality, the 
commissioner consults with the city en- 
gineers regarding the feasibility of fur- 
nishing the water supply requested. 


connection 


water 


Processing of Applications 


A copy of the application for water 
supply by the municipality is forwarded 
to the area engineer for field inspec- 
tion, report and recommendation. The 
field inspection determines the point of 
connection to the city water main, and 
from flow tests and pressure gage read- 
ings, together with studies of the city 


- water main distribution system, it is 
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determined whether or not the distr). 
bution system should be reinforced tp 
deliver the amount of water requested, 

Conferences are held between Tep- 
resentatives of the municipality te. 
questing water and of the city for the 
purpose of discussing the provisions of 
the proposed water supply contract at 
various times before the execution of 
the contract. 

After the report from the area engj- 
neer has been received stating that the 
quantity of water requested is available 
and recommending the size and loca. 
tion of the connection to the city main 
for said supply, a form of council order 
or ordinance is prepared and sent to 
the Corporation Counsel for approval 
as to form and legality. This council 
order, or ordinance, requests that the 
Commissioner of Public Works be av- 
thorized and directed to enter into a 
contract for a period of not more than 
10 years with the municipality located 
within the Sanitary District of Chicago 
for furnishing from the city of Chicago 
water mains at the city limits, at a 
designated location, a supply of water 
to the municipality, not to exceed an 
annual average daily of a_ specified 
amount of water but not to exceed a 
specified amount in any one day of the 
year as may be required by the munici- 
pality to supply consumers of water 
within its territorial limits ; all water to 
be taken from the mains of the city of 
Chicago under conditions and provi- 
sions to be prescribed by the Commis- 
sioner of Public Works. 


Making City Extensions 


Should the report of the area engi- 
neer, on the request for a supply of 
water to a municipality, state that the 
water main system at the point of con- 
nection requires reinforcement by the 
laying of water mains in order to de 
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iver the quantity of water desired, it is 
then necessary for the department to 
request the City Council for money, 
either from current funds or money to 
be appropri ated in the next year’s ap- 
propriation ordinance to defray the 
cost of the water main extensions. The 
authorization to spend the money for 
the cost of installing the water mains 
js embodied in the council ordinance, 
together with a request for the au- 
thority to enter into the water supply 
agreement. 

In the preparation of the proposed 
council order or ordinance by the office 
of the Corporation Counsel, the engi- 
neers of the water distribution system 
are consulted as to the engineering 
provisions of the proposed contract. 
After the proposed council order or 
ordinance has been approved by the 
Corporation Counsel as to form and 
legality, it is submitted to the Com- 
missioner of Public Works for his at- 
tention and to be forwarded to the 
chairman of the Committee on Finance 
recommending that it be passed by the 
City Council. 

The recommended form of council 
order or ordinance is referred by the 
chairman of the Committee on Finance 
to the chairman of the Subcommittee 
on Water Supply for report and recom- 
mendation. Meetings are arranged to 
discuss the proposed council order or 
ordinance and the proposed form of 
contract with representatives of the city 
and municipality to clarify any of the 
provisions. After due consideration by 
the Subcommittee on Water Supply. 
and when approved, the proposed coun- 
cil order or ordinance is recommended 
to the chairman of the Committee on 
Finance for passage by the City Council 
at its next regular meeting. At this 
meeting the order or ordinance is de- 


ferred and ordered published to be 
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voted on at the next regular meeting 
of the City Council. After passage by 
the City Council of this authority, a 
draft of proposed contract is prepared 
and submitted to the Corporation 
Counsel for approval as to form and 
legality. In preparing the final draft 
of the proposed contract by the office 
of the Corporation Counsel, the engi- 
neers of the water distribution system 
are consulted as to the engineering 
provisions of the same. 

After the council order or ordinance 
granting authority to the Commissioner 
of Public Works has been passed by 
the City Council to enter into a con- 
tract with the municipality for a sup- 
ply of water, the plans and specifica- 
tions for water works improvement 
which have been submitted to the Com- 
missioner of Public Works by the mu- 
nicipality are examined by the engi- 
neers of the water distribution system 
and the Water Safety Control Section. 
The municipality is notified by letter 
of any change or corrections required 
in the plans and specifications and after 
they have been made, approval is 
given by the Commissioner of Public 
Works. 

Aiter the proposed contract has been 
examined and approved by the engi- 
neers of the water distribution system, 
it is submitted to the Commissioner of 
Public Works with the recommenda- 
tion that it be forwarded to the officials 
of the municipality for execution, who 
in turn have a resolution adopted au- 
thorizing their officials to enter into 
the contract. After the municipality 
has signed the contract, it is returned 
to the Commissioner of Public Works 
for signatures and execution by the 
city officials. 

The contract is executed in quin- 
tuplicate and distributed to the munici- 
pality and the Commissioner of Public 
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Works, Comptroller, Bureau of Water 
and the Water Pipe Extension Divi- 


sion, all of the city of Chicago. es 
Contents of Contract ~—7 
The contract for sale of water to 


municipalities contains a number of 
provisions, of which the following are 


most pertinent: 
th 
Service To Be Furnished 
The city agrees to furnish to the 
municipality and the municipality 
agrees to purchase and take from the 
city under the terms of the contract, a 
supply of water through metered con- 
nections authorized by the Commis- 
sioner of Public Works from the city’s 
water mains at the city’s limits to be 
used by the municipality in supplying 
water to consumers located within its 


limits. 


Ouantity 


The supply of water to be furnished 
shall not exceed an annual average daily 
of a specified amount of water but not 
to exceed a specified amount in any one 
day of the year during the period of the 


contract. 


set) 
Rates and Discount 
The rates to be charged the munici- 
pality for filtered water or unfiltered 
_ water shall be the rates fixed by the 
ordinance of the city now in force, or 
which may hereafter be amended for 
water furnished through meters in like 
large quantities, and the municipality 
_ shall be entitled to the same discount 
_ or benefit allowed to metered customers 
of the city, as provided by the ordi- 


nance of the city now in effect. 
Wy 
Period of Contract 


+ 


Contract shall be in force and con- 
tinue in effect for a period of 10 years. 
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Meters 


The meters measuring and control}. 
ing the supply of water shall be located 
in or near the city limits at a location 
to be approved by the Commissioner 
of Public Works of the city and the 
control valves shall be located withip 
the city, and such meters and _ valves 
shall at all times be under the control 
of the city, and the full and complete 
protection of such meters shall be the 
obligation of the municipality. 

The properly authorized officers, 
agents and representatives of the city 
shall at all times have free access to the 
meters and all other facilities. 

If at any time the meters shall fail 
to register correctly the quantity of 
water furnished and taken, the esti- 
mated amount of water furnished and 
taken shall be determined according ti 
the Municipal Code of the city of Chi- 
cago. 


Terms and Conditions of Service 


The municipality, at its own cost and 
expense, shall provide, make and keep 
in repair all feeder mains, connections, 
meter vaults, receiving tank or tanks, 
booster or other pumps, and slow-act- 
ing valves, or other appliances deemed 
necessary by the Commissioner of Pub- 
lic Works of the city at the point of 
connection. 

The municipality shall provide, in- 
stall, maintain and operate, at its own 
cost and expense, at such locations as 
shall be designated by the Commissioner 
of Public Works of the city, the fol 
lowing: a shut-off gate or gates, reser- 
voir or reservoirs of sufficient capacity 
to store not less than one day’s supply 
of water; receiving tanks or tanks, 
booster or other pumps, slow-acting 
valves, and such other appliances or de- 
vices as may be required by the Com 
missioner of Public Works. The mv 
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sicipality agrees to maintain and oper- 
te the reservoir to its full capacity at 
jl times during the period of the con- 
tract. 

The water supply furnished shall be 
iawn by the municipality at an even 
ate of flow throughout 24 hours of 
ach day during the period from Octo- 
yer 1 of each year to May 15 of the 
ueceeding year, and at an even rate of 
gow throughout 20 hours from 10 P.M. 
jeach day to 6:00 p.m. of each suc- 
eeding day during the period from 
May 15 to October 1 of each year. 
The municipality agrees to draw no 
water from 6:00 p.m. to 10:00 p.m. of 
wy day during the period from May 
5 to October 1 of each year unless ex- 
gressly authorized in writing so to do 
by the Commissioner of Public Works 
ofthe city. It is agreed that the Com- 
missioner of Public Works of the city 
shall have access to and the right to 
adjust and control valves and meters 
in order to limit the flow of water. 

The municipality agrees to comply 
with any and all sanitary regulations 
of the city applicable to cross-connec- 
tions and dual water supplies. The 
municipality agrees that the duly au- 
thorized engineers and inspectors of 
the city shall be permitted to make in- 
yections and require tests for tight- 
ness of the piping of the water works 
installations, and of all plants or other 
buildings of water users within the 
territorial limits of the municipality. 
The municipality agrees to prevent 
excessive use and waste of water. 

In order to safeguard its water sup- 
ply received and the city’s water sup- 
oly, the municipality agrees to main- 
tain a safe water supply throughout its 
ystem and to provide, maintain and 
operate at all times during the period 
of the contract, chlorinatings equipment 


tecting process. 
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The municipality agrees not to re- 
sell or permit any water furnished to _ 
be used to supply any other munici- | 
pality, or consumer of water located or 
residing outside the territorial limits — 
of the municipality, except if and when 
it should be specifically authorized so- 
to do by the City Council of the city. — 
The city shall not be responsible in | 
damages for any failure to supply wa- _ 
ter or for interruption of the supply. — 
The municipality agrees to save and— 
keep harmless the city from any and 
all damage to real and personal prop-— 
erty occasioned or caused by the mak- 
ing of the water connection or connec- — 
tions, or caused by the furnishing of 
water. 

If the municipality shall refuse, neg- 
lect or fail to pay promptly the water 
bills rendered for the water supplied 
it, within the time prescribed by the _ 
ordinance of the city, or if the munici- 
pality shall fail to comply with or per- 
form any of the conditions or obliga- 
tions on its part to be complied with or 
to be performed, then the city shall 
have the right to shut off the supply at 
the expiration of 5 days after the giv-— 
ing of due notice, and to terminate the — 
contract unless within 5 days the mu-_ 
nicipality makes good such failure. 

No assignments or transfer of the — 
contract shall be made by the munici- 
pality. 

No officer, official or agent of the city 
has the power to amend, modify or 
alter the agreement or waive any of its 
conditions or to bind the city by mak- 
ing any promise or representation not 
contained in the contract. 

The authority of the officials of the 
city to execute the agreement is evi-— 
denced by the order of the City Council 
of the city of Chicago passed on a cer- — 
tain day and published in the Journal | 
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The authority of the officials of the 
municipality to execute the agreement 
is evidenced by the resolution passed 
by the officials of the municipality at a 
regular meeting held on a certain day. 

The contract is signed by the City 
Comptroller, the Mayor, the City Clerk, 
the Corporation Counsel and the Com- 
missioner of Public Works of the city 
of Chicago; and the Mayor or Presi- 
dent and the Clerk of the municipality. 


Summary 


Outlined above is the procedure in 
the preparation of a contract from the 
time a request is received for a water 
supply until the signing of the agree- 
ment. Also enumerated are some of 
the significant provisions contained in 
the contract. 

As to the future, the water supplies 
of many municipalities in the Chicago 
area are rapidly being depleted because 
they have depended upon deep wells 
for their source. These wells are fail- 
ing due to the general lowering of the 
water table. The recession or draw- 
down of water in wells in the Chicago 
area is an annual average of 6 ft. for 
the past 50 years. 

Another expense and inconvenience 
is the excessive hardness of water ob- 
tained from wells. The greatest mone- 
tary savings are in soap and cleaning 


» ote ers ves 


compounds, as well as savings in life 
of linens and clothing. By using th 
softer Lake Michigan water repairs { 
plumbing will be at a minimum and jy 
stallations should last many year 
Scale elimination in piping systems wij 
result in large savings on heat and 
maintenance. With an abundant sup. 
ply of suitable soft water at the cys. 
tomer’s faucet, more water will be used, 
thereby increasing revenue to the my. 
nicipality. Excessively hard water re 
tards the growth of municipalities be. 
cause, other things being equal, indys- 
try will locate in a municipality with 
soft water supply in preference to one 
with a hard supply. In addition to re 
ceiving a relatively soft water from 
Chicago, the municipality is assured of 
a reliable source, for Chicago uses Lake 
Michigan water of which there is an 
abundant quantity. It is inevitable that 
municipalities in the Chicago area must 
obtain Lake Michigan water for their 
water supply. Under the existing 
statutes, the municipalities within the 
Sanitary District desiring Lake Michi- 
gan water must bring their supply line 
to the city limits of Chicago. This 
limiting procedure is largely not an en- 
gineering problem but a legal matter 
which may soon be modified with the 
help and co-operation of the munici- 
palities. 
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Director, Div. of Sanitation, Dept. of Public Health, Regina, Sask., Ca 
A contribution to the Journal 


ICIPAL water problems in the 
prairie provinces are probably 
nore perplexing than in other parts of 
the Dominion, and in Saskatchewan 
they may be considered particularly 
gute. Although the province has an 
yea of approximately 260,000 square 


niles and extends northward from the 


International Boundary a distance of 
sme 760 miles, only the northern half 
tas an abundance of surface waters. 
The southern half is almost devoid of 
kes and streams, and, with the excep- 
ion of a few settlements, the entire 
population is found in this area. 

The only stream of any magnitude 
inthe south is the Saskatchewan River, 
which consists of two branches, the 
north and the south. Their confluence 
isa few miles east of the city of Prince 
\Ibert and just slightly south of the 
geographic center of the province (Fig. 
|). The few lakes are highly mineral- 
zed or so saline that they cannot be 
ised for any purpose. Subsurface sup- 
lies, where available, are secured from 
wells ranging from 100 to 200 ft. in 
depth. The aquifer is usually an un- 
onsolidated glacial deposit. Solid 
rock is not encountered in the southern 
alf of the province, although what is 
known as bedrock may be found at 
lepths of 300 ft. or less. Some glacial 
leposits in the upper horizons produce 
in abundance of water which is medium 
soft in character, but the average sub- 
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nesium and sodium sulfate. 

The scarcity of surface water, how- 
ever, forces municipalities to depend 
on underground supplies. Out of 39 
large and small municipal water works 
systems in the province less than one 


third derive their supply from surface — 


water. The city of Regina, with a 


population of approximately 60,000, is _ 


entirely dependent on wells. Although 


the water is hard, averaging about 650 ' 


ppm., the quantity has been adequate 
up to the present. Nevertheless, re- 
serves are decidedly limited. Moose 


Jaw, some 40 miles to the west, has © 


long experienced a water shortage. 
Until recently it has depended on a few 
wells and an infiltration gallery, none 
of which has an abundant supply. 

As early as 1910, engineers investi- 
gating the water supply situation at 
Moose Jaw suggested the Saskatche- 
wan River as the ultimate source of 
supply. From time to time, in the suc- 
ceeding years, further surveys resulted 
in similar reports and recommenda- 
tions. In 1919-20 a commission was 
set up by the government for the pur- 
pose of studying and reporting on the 
feasibility of utilizing the Saskatchewan 
River as a source of water supply for 
the cities of Moose Jaw and Regina 
and surrounding areas. The commis- 


the ultimate cost to be approximately 


surface water is high in calcium, mag- | 
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$10,000,000. Nothing came of the 
recommendations, however, and the 
matter lay dormant for many years. 
Under the provisions of the Prairie 
Farm Rehabilitation Act, adopted in 
the middle thirties, further considera- 
tion was given to the Saskatchewan 
River water scheme. Engineers ap- 
pointed under the act saw large-scale 
irrigation possibilities with the develop- 
ment of dams on the river. As a pre- 
liminary undertaking, and to relieve an 
acute water shortage at the time, it was 
recommended that an open ditch be 
constructed from about Riverhurst to 
Caron, a distance of 70 miles. After 
pumping the water to a reservoir on 
the height of land adjacent to the river, 
it was feasible to convey the flow to 
Caron, 20 miles west of Moose Jaw, by 


gravity. The proposal was approved 


and for the past four or five years the 
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city’s major source has been Saskatche. 
wan River water (Fig. 2). The oper 
ditch discharges onto a previous are, 
trom which the water is picked 
through sandpoints and pumped to the 
city. This method eliminates the neces. 
sity of treatment, other than chloring. 
tion. 

Figure 3 shows a profile of the pipe. 
line and canal. 

It is generally recognized that the 
city of Regina must eventually look t; 
the Saskatchewan River for its water 
supply. The original recommendation 
that water be piped to Moose Jaw and 
Regina is receiving serious considera. 
tion at the moment and constitutes one 
of the larger postwar projects in the 
water works field. There is also a 
proposal to divert water from the Sas. 
katchewan River to the Qu’Appelk 
River. This would serve a large are 
from a point north of Moose Jaw t 
the Manitoba boundary. The present 
flow in the Qu’Appelle is negligible. 

Saskatoon, the second largest city in 
the province, is located on the south 
branch of the Saskatchewan River an¢ 
has no water problem, other than treat- 
ment. The minimum flow at Saska- 
toon is about 1,000 fps. The maximum 
flow is many times that figure. An 
overflow dam was constructed at Sas- 
katoon just before World War II, but 
it was not primarily built in connection 
with the water supply. 

The city of Prince Albert is likewise 
on the Saskatchewan River, but on the 
north branch. Shifting sand bars are 
the city’s only concern but up to the 
present no undue difficulty has been ex- 
perienced. Increased treatment facili- 
ties are a postwar project. 

Although the city of North Battle 
ford is also on the north branch of the 
river, the water supply is secured from 
wells. This system, however, has no 
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proven entirely satisfactory, as the sup- 
oly is limited and reserves have not 
jeen located. In addition, the iron con- 
tent is so high that removal is neces- 
ary. Without a dam or series of dams 
in the river, the successful operation of 
an intake is problematical because of 
low water conditions at times, and the 
constantly shifting sand bars. It is the 
author's opinion, however, that, with 
an appreciable growth of the city, the 
river will be the ultimate source of 
supply. 

The city of Swift Current secures its 
water supply from Swift Current Creek. 
The supply is ample, due largely to the 
impounding reservoirs and_ control 
works Constructed under the provision 


in 1936, is entirely inadequate for the 
increased consumption and additions 
in the near future are contemplated. 

Of the smaller cities, Weyburn has 
probably experienced the most serious 


problems. Water is taken from wells 
less than 100 ft. deep. No other aqui- 
fer has been encountered in spite of ex- 
tensive drilling operations. The sup- 
ply is inadequate at best and, due to the 
high iron content of the water, well 
screens last only a short time before 
removal or cleaning is necessary. The 
Provincial Government maintains at 
Weyburn a large mental institution 
which depends on the city’s system 
for water. The Souris River passes 
through the city but there is no flow 


of the Prairie Farm Rehabilitation Act. except during the spring runoff. Dur- 
The present treatment plant, completed — ing the early war years a dam was con- 
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structed on the Souris some 5 or 6 
miles below Weyburn, the purpose 
being to store water for the mental in- 
stitution as well as the city. Before 
this water can be utilized it will be 
necessary to divert the treated city 
sewage below the dam and provide 
some 6 miles of water force main and 
a water treatment plant. The sewage 
diversion, consisting of 5 miles of con- 
crete pipe and 2 miles of open ditch, 
has been completed, but pumping 
equipment has not yet been installed. 
Plans for the water treatment plant are 
in the course of preparation. It is 


“Ge: 
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hoped to have the water system j; 
operation before the end of 1946, 

It is anticipated that a large numbe 
of the smaller urban centers will insta! 
water works systems within the nex 
few years, even though the best ayaj 
able water, for the time being at leay 
will be somewhat inferior from th 
mineral salt point of view. In th 
opinion of the author, greater consid. 
eration must be given the future de. 
velopment of surface storage, eve 
though such schemes may be costly ar 
under other circumstances would } 
considered uneconomical. 
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STANDARD SPECIF ICATIONS 


for 


COLD WATER METERS—CURRENT 3 TYPE 


These “Tentative Standard Specifications for 
Cold Water Meters—Current Type” are based 
upon the best known experience and are intended 
for use under normal conditions. They are not 
designed for unqualified use under all conditions 
and the advisability of use of the material herein 
specified for any installation must be subjected to 
review by the engineer responsible for the installa- 
tion in the particular locality concerned. 


Approved as Tentative by the Board of Directors of the A.W.W.A, on 
January 14, 1946 
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DO DO 


Tentative 


Standard Specifications for Cold Water Meters 


Section 2-1—General 

§ec, 2-1.1—Scope Sec. 2-1.2—Kind and Type 

These specifications embrace the The kinds of meters covered are — 


various types and classes of cold water service meters of the current, velocity | 
«rent meters for water works con- OF turbine type. These meters register 
wmer service and cover the materials the flow by recording the revolutions 
ind workmanship employed in their of a water impeller or wheel which is 

set in motion by the force of the flow- 


iabrication. ieee 
ache ing water coming in contact with the 
aurea impeller or wheel blades. 


Section 2-2—Capacity, Size and Length om 


Sec. 2-2.1—Capacity 


Capacity or delivery classification 
shall be the quantity given in Table 1, 


nominal size of opening in the inlet 
and outlet spuds or flanges of the 
meter. 


Column 2, and is determined by the teh 

2-2.3—Len 
quantity delivered at the permissible Seo, 2-3.5—Length 
maximum loss of head. The minimum and maximum over- _ 


Meters shall have a loss of head not all lengths of the meter, face to face of a 
exceeding 20 psi., when the vate of spuds or flanges, are given in Table 2, _ 
fow is that given in Table 1, Column 2. Columns 2 and 3. A filler piece can 
; be inserted to increase the length of — 
Sec. 2-2.2 Size the shorter meter, if required, hah the 
The size of the meter given in Table meter itself must not be shorter than 
|, Column 1, shall be in terms of the the minimum length given in the table. — 


Section 2-3—Design a 
a 
Sec, 2-3.1—-Cases Z All meters shall have cast on them, 


in raised characters, the size and model. 
The outer cases shall be of bronze 


The direction of the flow through the 
omposition or otf cast 1ron protected meter shall be properly indicated 
y a non-corrosive treatment. Cast- Meters shall be designed for easy re- 
ngs shall not be repaired, plugged, moval of all interior parts without dis- 
razed or “burned in.” turbing the connections to the pipeline. 
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TABLE 1 


q 


we Current Meters 
(1) (2). (4) (6) 
Meter Safe Maximum | Maximum Loss | Minimum Test Normal Test Speed of Impelle; 
Size, Operating of Head, Flow, Flow Limits, revolutions 
in. Capacity,* gpm. pst. gpm. gpm. per cu.ft, 
atm 100 20 7+ 12to 100 75 
z 170 20 10t 16 to 170 75 
3 400 20 15t 24 to 400 55 
4 700 20 20+ 40 to 700 15 
6 1,600 20 30 80 to 1,600 15 
8 ej 2,800 20 50 144 to 2,800 3 
10 4,400 20 75 224 to 4,400 3 
iz 6,400 20 100 320 to 6,400 1.5 
16 12,400 20 150 400 to 12,400 0.5 
* See note 3a (re Excessive Wear), 
See Sec. 2-4. a 
way 
Sec. 2-3.2—External Bolts required for round flanges and __the 


All external bolts and washers shall 
be of non-ferrous material, or protec- 
tive treated iron or steel. Nuts shall 
be of non-ferrous material and be de- 
signed for easy removal after having 
been long in service. 


Sec. 2-3.3—Connections 


3.3.1—Connections for 1}- and 2-in. 
Meters 


Main case connections for 14- and 2- 
in meters may be either spuds or 
flanges, as required. 

3.3.1.1—S puds. Spuds shall be 
tapped 14 and 2 in., respectively, 
American Standard internal taper pipe 
thread (ASA B2.1-1942). 
3.3.1.2—Flanges. Flanges shall be 
faced and drilled and shall be either of 
_ the round or oval type, as required. If 
of the round type, they shall conform 
to the American Standard cast-iron 
pipe flange, class 125 (ASA Bl6a- 
1939) for diameter, drilling and thick- 
ness. If of the oval type, the drilling 
shall be on the horizontal axis, the 
_ thickness shall be at least as great as 


diameter of the bolt circle shall be 4 in 
for 14-in. meters and 44 in. for 2-in 
meters. The companion flanges shall 
be made of cast iron, and shall be 
tapped 14 and 2 in., respectively, 
American Standard internal taper pipe 
thread (ASA B2.1-1942). Companior 
flanges, gaskets, bolts, nuts and wash 
ers shall be provided. 


3.3.2—Connections for 3-, 4-, 6-, &- 
10-, 12- and 16-in. Meters 


Main case connections shall be 
flanged. Flanges shall be of the round 
type, faced and drilled, and shall con- 
form to the American Standard cast- 
iron pipe flange, class 125 (ASA 
Bl6a-1939) for diameter, drilling and 
thickness. Companion flanges shall be 
faced and drilled and they may be 
standard companion flanges, flange and 
bell, flange and spigot, or a combina- 
tion of any. Standard companion 
flanges shall be tapped 3, 4, 6, 8, 10, 
12 and 16 in., respectively, American 
Standard internal taper pipe thread 
(ASA B2.1-1942). Flange and bell 


and flange and spigot connections shal 


3,4. 
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TABLE 2 = 
Current Meters 
») Meter Length, Maximum Indication Minimum Capacity 
Impeller, 1 in, A of Initial Dial of Register 
Met Pisce 
Length, 
— in (2) (3) in. (5) (6) ; (8) 
Minimum Maximum cu.ft. gal. mil.cu.ft. mil.gal. 
13 123 13 2% 10 100 10 100 
2 153 183 3 10 100 10 100 
3 20 24 10 100 10 100 
4 22 293 100 1,000 10 100 
6 24 363 100 1,000 100 1,000 
8 263 48; 1,000 10,000 100 1,000 
10 30 60 1,000 10,000 100 1,000 
12 36 68 1,000 10,000 1,000 10,000 
16 42 42 1,000 10,000 1,000 10,000 


he of cast iron and conform to the 


1 the} American Standard cast-iron pit-cast 
4 in. | pipe, class 150 (ASA A21.2-1939), as 
2-in. | far as the specifications apply. Com- 
shall panion flanges, gaskets, bolts, nuts and 
be J washers shall be provided. 
Sec, 2-3.4—Registers 
anion f Registers may be either “round-” or 
vash- | “straight-” reading, indicating in cubic 
feet or gallons. 
3.4.1—Round-Reading Registers 
The register pinion and spur gears 
bey shall be firmly fastened on ‘their 
ound f spindles, shall fully mesh with each 
con- § other and run freely, and shall be so 
cast- § constructed that they cannot become 
ASA F unmeshed. The spindle bearings in 
and | the top and bottom register plates shall 
ll be } be bushed with hard vulcanized rubber 
’ be} or other non-metallic bushings. These 
and | bushings shall have sufficient depth to 
ina- | insure ample spindle bearing and suf- 
nion J ficient clearance to allow the spindles 
10, } to revolve freely ; shall be fitted so they 
icat } will not work loose; shall be remova- 
real {| ble; and shall be as nearly as possible 
bell} non-warping, non-shrinking and non- 
hall in heat. register 


expanding The 


throughout, except for the dial and in- 
dex hands, shall be plated or given 
other protective treatment, or shall be 
made of material as nearly non-corro- 
sive as possible. 

The maximum indication of the 
initial dial and the minimum capacity 
of the register, when indicating cubic 
feet, shall be as given in Table 2, Col- 
umns 5 and 7, and, when indicating 
gallons, as given in Columns 6 and 8. 

All the index circles, including the 
initial circle, shall be subdivided into 
ten equal parts. All hands or pointers 
shall taper to a sharp point and shall 
be accurately set and securely held 
place. 


3.4.2—Straight-Reading Registers 


The figures on the number wheels P 
shall be large and distinct so that they — a 
can be read easily. The register lock " 
and side gears shall be securely fastened — 
to their number wheel discs and hubs. 


The tumbler pinions shall mesh ac- 
curately at the turnover points with © ; 


the lock and side gears of the adjacent 
number wheels. Both main and pinion 
shafts shall be so secured in the regis- 
ter frame that they cannot get out a 


f 545 
i 


position. The pinion shaft shall be so 
designed that there is no possibility of 
its bending and allowing the pinion to 
skip at the turnover point. All parts 
of the register shall be plated or given 
a protective treatment, or shall be made 
of material as nearly non-corrosive as 
possible. 

The maximum indication of the 
digits appearing on the first number 
wheel and the minimum capacity of the 
register, when indicating cubic feet, 
shall be as given in Table 2, Columns 
5 and 7, and, when indicating gallons, 
shall be as given in Columns 6 and 8. 

There shall be a test index circle 
which shall be divided into ten equal 
parts. The hand or pointer shall taper 
to a sharp point and shall be accurately 


set and securely held in place. i, 
Sec. 2-3.5—Register Boxes 


Register boxes and lids shall be 
made of bronze composition or of the 
same material as the top case, with the 
name of the manufacturer cast on the 
lid in raised letters. The serial num- 
ber of the meter shall be plainly 
stamped on the lid. If required, the 
serial number shall also be stamped on 
the case. The lid shall be recessed and 
shall lap over the box so that dirt will 
_ be prevented from accumulating on the 
glass. The glass shall be inserted from 
the inside and shall be securely held in 
place without the use of putty or pins. 
_ All register compartments shall be pro- 
vided with a water escape hole 4 in. in 
diameter. When the meter is equipped 
with a hood, the register box lid may 
be omitted. 


Sec. 2-3.6—Intermediate Gear Trains 


Intermediate gear trains may 
mounted on the measuring chambers 
or in the upper main casings. Gear 
train frames, spindles, gears and pin- 


be 
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ions shall be made of durable 
ferrous material. Pinions and 
gears shall be firmly fastened, shall 
fully mesh with each other and shall 
run freely. The lower end-bearings 
for pinion and spur gear spindles that 
revolve shall be fitted with hard vyl- 
canized rubber or other non-metallic 
bushings fastened in place so they will 
not fall or work out and they shall be 
easily removable. Gear trains may be 
of either the oil-enclosed or open type. 
If of the oil-enclosed type, the gear 
trains shall have a separate housing or 
shall form a housing with the main 
casings or measuring chamber and shal] 
operate in a suitable lubricant. 


hon 
spur 


Sec. 2-3.7—Measuring Chambers 


The measuring chambers or cages 
for all meters shall be made of bronze 
or non-ferrous composition and shall 
be a self-contained unit firmly seated 
and easily detached and removed from 
the main case. Chambers with im- 
pellers that have revolving spindles 
shall have long, hard-rubber-bushed, 
removable bearings for such spindles. 
Chambers with impellers that revolve 
around a stationary stem shall contain 
a rigid, centrally located, stationary 
stem for suspending the impeller. 


Sec. 2-3.8—Impellers 


The measuring impellers, wheels or 
pistons for all meters shall be made oi 
vulcanized hard rubber. The measur- 
ing impeller shall be mounted, or shall 
rotate, on phosphor-bronze or other 
suitable metal spindle and shall be sup- 
ported by jewel, ball or other sutt- 
able bearings. 
mounted on spindles shall revolve 
in hard-rubber-bushed bearings. The 
measuring impeller, together with its 
spindle, shall be as nearly as possible 
of the same specific gravity as water. 


Measuring impellers | 
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Vol, 3x} April 1940 


: non | The number of impeller revolutions area as large as practicable and at least 
| spur | per cubic foot should not exceed the double that of the meter main case in- 
shall quantities given in Table 1, Column 6. _ let. 


shall 
arings See. 2-3.9—Strainers Sec, 2-3.10—Seal Wire Holes 
's that Meters may or may not i ideals Register box screws and inlet and 


d vul- with strainers. Strainers, if provided, outlet couplings shall be drilled for 
etallic shall be rigid, shall be easily removed seal wire holes. All seal wire holes 
y will and shall have an effective straining — shall be not less than ‘5 in. in diameter. 


| ‘Section 2-4—Registration 
ing or : 
etl The registration on the meter dial forth in Table 1, Column 4, under 
1 shall shall indicate the quantity recorded to ‘Minimum Test Flow.” 
be not less than 97 per cent nor more Current meters in 14-, 2-, 3- and 4- 
than 103 per cent of the water actually in. sizes are not recommended for use 
rs passed through the meter while it is where minimum rates of flow less than 


cage being tested at any rate of flow within 7, 10, 15 and 20 gpm., respectively, are 
"| the limits specified in Table 1, Column likely to be encountered. 


po §, under “Normal Test Flow Limits.” For 14- and 2-in, sizes, displacement 
eated here shall be not less than 95 per cent meters should be used. 

frees of the actual flow recorded when a For 3- and 4-in. sizes, — or 
im. | test 1s made at the rate of flow set displacement meters should nea used 
ndles 

shed, 
idles, Section 2-5—Pressure Test 
volve | 


ntain Meters shall be guaranteed to oper- psi. without leakage or damage to any 
mary | ate under a working pressure of 150 _ part. 


Section 2-6—Workmanship and Materials 


ls or | 

“ Meters shall be guaranteed against such period shall be supplied without 

shall defects in materials and workmanship charge, piece for piece, upon the re- 

wr for a period of one year from date of turn of such defective parts to the 

po shipment. Parts to replace those in manufacturer thereof or upon proper 
* which a defect has developed within proof of such defect. : 

suit- 

llers 2 


The | Section 2-7—Rejected Meters 


sible The manufacturer shall, at his own just all meters rejected for failure to 
ater. | expense, replace or satisfactorily read- comply with these specifications. 


rolve | 


Je 

y 
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NOTES 


These notes are not part of the specifications. 


They are given only as information con- 


cerning the testing and care of meters and important materials used in meter construction 
They are not intended to limit in any way the future development of better materials for 
general use or the use of special metals with specific waters which may require materials 
of different composition to give service equal to that recorded in normal practice. 


(1) Tests 


Capacity tests are those which test the 
design of the meter. When a meter of a 
given design has once been tested for ca- 
pacity it should not be necessary to test this 
type of meter again unless a change has 
been made in the design. 

Registration tests are those which test the 
assembly and workmanship of the meter. 
Each meter should be tested for registration, 
as there is no certainty that, because one 
meter of a given design is within certain 
limits of accuracy, all meters of this design 
will necessarily give similar results. The 
register furnished with each meter should 
be used by both the manufacturer and the 
purchaser in making registration tests. 

All meters should be tested for accuracy 
of registration within, and as near as prac- 
ticable to, the low and high rates given 
under “Normal Test Flow Limits,” and 
occasionally additional tests should be made 
at one or more intermediate points. A test 
at the “Minimum Test Flow” should be made 
on all meters. 

A pressure test should be made on each 
size of meter of a particular design fur- 
nished. This pressure is to be 150 psi., and 
may be obtained by the use of a hand pump 
or any method available. The meter should 
be tested for accuracy before and after it 
has been tested by static pressure to de- 
termine whether there has been any dis- 
tortion that would affect the registration. It 
is unnecessary to make more than one pres- 
sure test on each size of a given design if 
satisfactory results are obtained. A work- 
ing pressure test is preferable to a static 
pressure test. 

If the purchaser has no testing equipment, 
a certificate should be furnished by the 
manufacturer showing that each meter has 
been tested for accuracy of registration and 
that it complies with the specifications and 
that the size and design comply with the 
capacity requirements. 


(2) Testing Equipment 


The minimum test equipment is as follows: 
(a) A valve on the supply line which 


would permit the starting and stopping of 
the flow without appreciable loss of time 

(b) A valve or other suitable device on 
the discharge line which can provide the 
rate of flow desired. 

(c) Pressure gages on supply and dis- 
charge pipes, so that any change in pressure 
which would affect the rate of flow can be 
detected. The discharge pipe must be under 
sufficient head to guarantee a pressure on 
the outlet of the meter. 

(d) A measuring device of either the 
volumetric or weighing type. The accuracy 
of the determination of the amount of water 
discharged should be such as to bring the 
limit of error within 0.25 per cent. The 
amount of water passed should be sufficient 
to cause at least one revolution of the pointer 
on the initial dial except for the test at the 
“Minimum Test Flow” rate. The amount 
passed as the “Minimum Test Flow” rate 
should be of sufficient quantity to secure a 
true indication of the accuracy. 

(e) Two piezometer rings of exactly the 
same diameter for capacity tests. The pie- 
zometer rings must be free from any burrs 
where the holes are drilled through the wall 
of the ring, and not fewer than four holes 
shall be provided, drilled in pairs on diam- 
eters at right angles to each other. The in- 
let ring shall be set close to the meter at a 
distance of eight diameters or more below 
the nearest upstream stop valve or fitting, 
and the outlet ring shall be placed at a dis- 
tance of between eight and ten diameters 
from the outlet of the meter. The diameter 
of the rings, the inlet and the outlet pipes 
shall be the same as the size of the meter 
to be tested. The rings are to be connected 
to a mercury U-tube, equipped with an ac- 
curate adjustable scale for measuring the 
difference in mercury level, by rubber or 
metallic tubing. Provision is to be made 
for the complete removal of air from the U- 
tube and tubing connected therewith, and the 
installation is to be such that air will rise 
to the air outlets. Where relatively high 
flows are to be measured, it is necessary to 
read both sides of the mercury column simul- 
taneously in order to compensate for irregu- 
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lrities in the diameter of the glass U-tube, structive under continuous service. For 

; and to avoid errors due to fluctuations. continuous 24-hour service meters of the 

On COM-) Suitable pressure gages may also be used. current type should not be operated on flows 

ruction, greater than one-third of the capacity of the 
tals for (3) Care of Meters meter. 

Laterials In a current meter the motion of the im- (b) Temperatures. High temperatures 


peller is transmitted by a system of gearing cause expansion of the rubber impellers, 
ping of |” the register where the flow is recorded in which tends to create unusual friction or to 
don convenient units of measure, as cubic feet bind the impeller in its chamber. The effect 
vice on | gallons. ; The gearing serves to trans- 1s slippage and under-registration, or failure 
ide the | late the motion of the impeller into the unit of the meter. Low temperatures have no 

"€ | of measure indicated by the register. The noticeable effect on the working parts of the 
register is at all times a measure of the meter. Freezing will stop the meter and 


wel aumber of revolutions of the measuring im- _ possibly damage it. 
can be | Peller in terms of cubic feet or gallons. It Cold water meters are not affected by tem- 
© under records a true measure of flow only when the peratures up to about 80°F. In warm cli- 
ure on | meter has been properly calibrated by gear mates, where the temperature of the water 
adjustment, and after proper calibration will 1s likely to go above 80°F., meters with 
er the continue to register correctly only as long clearances slightly larger than ordinary 
ccuracy | 28 the impeller continues to make the proper should be used, and accuracies indicated in 
: aa number of cycles for each unit of quantity specifications must be modified accordingly. 
ing the passed through the meter. If, after calibra- To avoid troubles caused by temperature, 
The | tion, any condition should develop whereby meters should be set at locations where they 
ifficient the impeller is compelled to make less than will be protected from heat and frost. At 
pointer | the proper number of cycles per . unit of locations where hot water from heating sys- 
at the | quantity passed through it, the meter will tems may be forced back through the meter, 
amount | wnder-register. If the impeller is compelled a check and relief valve should be installed 
” rate | to make more than the proper number of on the outlet side of the meter. 
cure | cycles, the meter will over-register. The (c) Corrosion. All the metals used in the 
proper number of cycles is the number made _ construction of a meter are affected by the 
tly the | at the time the meter is calibrated. Under corrosive action of water. The action is very 
ne pie- ordinary working conditions, there are a slow with most potable waters. The result 
burrs | number of factors that may cause under- 1s that parts of the meter are weakened, par- 
1e wall | °F over-registration after comparatively short ticularly the teeth of the open intermediate 
- holes | intervals. The more important of these fac- gears, and, with meters that are idle for long 
diam- | tors which should be guarded against to intervals, there is a tendency toward bind- 
‘he in- | secure proper registration are: ing. Tuberculation of the outer case in 
rata (a) Excessive Wear. Excessive wear of meters of the current type may change the 


below | the moving parts of the meter may be caused normal direction of flow and cause over- 
fitting, by improper setting, by over-speeding, or, registration. 

a dis- | in general, by the selection of a meter too (d) Material in Suspension. Foreign ma- 
meters | small for the work required. The effect of terial carried in suspension may be deposited 
meter | excessive wear of the impeller or measuring and accumulations of deposit always tend to 
pipes | chamber is slippege and under-registration. cause over-registration, as any conditions 
meter | Excessive wear of the intermediate gear tending to change the velocity of flow, after 
nected | train may cause binding of the gears or gear the meter has been calibrated, will cause 
n ac- | slippage. In any case, if the meter is not over-registration. Such over-registration is 
g the | stopped entirely, under-registration will re- not limited. 

er or | sult. To avoid excessive wear, meters should Meters provided with strainers will retain 
made | be set in a horizontal position and should _ the larger particles of material in suspension, 
he U- | not be run at destructive speeds. The ca- but the strainer will soon become clogged if 
nd the | pacity of the meters given in the specifica- the water is not kept reasonably free of sus- 
1 rise | tions represents the maximum rates of flow pended matter. Sand is especially destruc- 
high | at which water should be passed through tive and care should be exercised to keep 
ry to | meters for short periods of time or the peak sand from reaching the supply pipes. 

simul- | loads which should come upon meters only The finer particles of suspended material 
regu- | at long intervals. These rates would be de- cannot be prevented from reaching the meter 


or 
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and troubles from this source can be avoided 
only by cleaning the meter periodically, the 
interval between cleanings depending upon 
the quality of the water. 

(e) Periodic Tests. Meters properly se- 
lected as to size and type will give satisfac- 
tory service over a long period of time 
without attention only when operated under 
ideal conditions. Under ordinary conditions 
meters must be given some care if they are 
to function properly. In most cases it is 
impossible to ascertain, without actual test, 
whether a meter which has been in service 
is registering within the required degree of 
accuracy. Consequently, to insure reliable 
meter measurements, it is essential that all 
meters be subjected to periodic tests. The 
interval between tests and the method of 
conducting them must be governed largely 
by local conditions. Under average condi- 
tions the following intervals between tests 
should not be exceeded : 


Meter Size, Years Between 


in. Tests 

2 | - p 

4 

3 
4 bi 2 
8 a 1 
10 1 

16 7 1 


Many state regulatory commissions specify 
the intervals between tests on both a time 
and quantity basis. 

Meters of the current type used for meas- 
uring unfiltered surface waters should be 
cleaned about once 


a year, in order that 
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they may be kept in good working condj- 
tion. When filtered or exceptionally clean 
water is used, the interval between cleap- 
ings may be longer. 

Zest results will be obtained from current 
meters if they are calibrated in place, since 
the accuracy of these meters is affected by 
changes in the distribution of velocities 
through the meter. A meter of this type, 
calibrated in a testing machine under con- 
ditions where there is a bend near the inlet 
side of the meter, may register incorrectly 
from the start if installed under conditions 
where there is a straight run of pipe in the 
inlet side. Any other condition tending to 
change the distribution of velocities as ex- 
istent at the time of calibration will have 
the same effect. If calibrated on premises 
this source of error is minimized. 

For 3-in. and larger meters the installa- 
tion of a test tee in the outlet piping makes 
testing easier and reduces the cost of testing. 

(4) Bronze. A bronze which is satis- 
factory for most waters is that of specifica- 
tions B62-36 of the American Society for 
Testing Materials or No. 2 Federal Spec- 
ifications QQ-B-691la for an alloy of copper, 
tin, lead and zinc, known commercially as 
composition metal, 85-5-5-5, ounce metal, 
red brass or hydraulic bronze. 

(5) Rubber. A_ satisfactory rubber for 
impellers and bushings should, among other 
items, have a specific gravity under 1.2, a 
minimum tensile strength of 6,500 psi. a 
maximum elongation of 5 per cent, a hard- 
ness (scleroscope test) of not less than 6/, 
a free sulfur content of 3 per cent or less, 
a free ash content of not more than 3 per 
cent and a uniformity of cure and physical 
characteristics. 
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METERS—COMPOUND TYPE 


These “Tentative Standard Specifications for 
Cold Water Meters—Compound Type” are based 
upon the best known experience and are intended 
for use under normal conditions. They are not 
designed for unqualified use under all conditions 
and the advisability of use of the material herein 
specified for any installation must be subjected to 
review by the engineer responsible for the installa- 
tion in the particular locality concerned. 


Approved as Tentative by the Board of Directors of the A.W.W.A. on 
January 14, 1946 
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Standard Specifications for Cold Water es ; 


Sec. 3-1.1—Scope Sec. 3-1.2—Kind and Type al 


These specifications embrace the The kinds of meters covered are 
various types and classes of cold water service meters of the compound type, 
compound meters for water works con- which consist of the combination of a 
sumer service and cover the materiats main meter of the current or displace- 
and workmanship employed in their ment type for measuring large flows 
fabrication. and a small displacement type meter 

for measuring small flows, in conjunc- 
tion with an automatic valve mecha- 


nism 
3-39 
3-3.10 
3.311 Section 3- 2 Capacity, Size and Length J 
33.2 


Sec, 3-2.1—Capacity nominal size of opening in the inlet 


Capacity or delivery classification and outlet spuds or flanges of the meter. 


shall be the quantity given in Table 1, rh 

n 3-6 Column and is determined by the Sec, 3-2.3—Length 
quantity delivered at the permissible 

maximum loss of head. The minimum and maximum over- 

Meters shall have a loss of head not all lengths of the meter, face to face of 

exceeding 20 psi., when the rate of flow spuds or flanges, are given in Table 2, 

is that given in Table 1, Column 2. xP Columns 2 and 3. A filler piece can be 

. inserted to increase the length of the 

Sec, 3-2.2—Size 5 Le _ shorter meter if required, but the meter 

The size of the meter given in Table itself must not be shorter than the 


1, Column 1, shall be in terms of the minimum length given in the table. 


Sec, 3-3.1—Cases by a non-corrosive treatment. Cast- 


The outer cases shall be of bronze ings shall not be dani plugged, 
composition or of cast iron protected brazed or “burned in. 
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TABLE 1 
Compound Meters 
(1) (2) (3) (4) (S) 
Safe Maxi- Mini- Normal 
Meter | Maximum | mum mum Test 
Size, | Operating | Loss of Test Flow 
in, Capacity,*| Head Flow Limits 
gpm. pst. gpm gpm 
1} 100 | 20 s+ | 2to 100 
2 160 20 } | 2to 160 
3 320 20 1 4to 320 
4 500 | 20 1} 6to 500 
6 1,000 | 20 3 10 to 1,000 
8 1,600 20 4 16 to 1,600 
10 2,300 20 8 32 to 2,300 
12 3,100 20 14 32 to 3,100 


* See note 3a (re Excessive Wear). 


All meters shall have cast on them, 
in raised characters, the size and model. 
The direction of the flow through the 
meter shall be properly indicated. 
Meters composed of a combination of 
independent units in separate housings 
shall have this information cast on each 
unit. Meters shall be designed for 
easy removal of all interior parts with- 
out disturbing the connections to the 
pipeline. 


Sec. 3-3.2—External Bolts 


All external bolts and washers shall 
be of non-ferrous material, or protec- 
tive treated iron or steel. Nuts shall 
_ be of non-ferrous material and be de- 
signed for easy removal after having 
long in service. | 


40 | 
3-3.3—Connections pay 
3.3.1—Connections for 14- and 2-in. 
Meters 

Main case connections for 14- and 
_2-in. meters may be either spuds or 
flanges, as required. 

-3.3.1.1—S puds. Spuds shall be 
tapped 14 and 2 in., respectively, 
_American Standard internal taper pipe 


thread (ASA B2.1-1942). 
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3.3.1.2—Flanges. Flanges shall be 
faced and drilled and shall be either of 
the round or oval type, as required, 
If of the round type, they shall con- 
form to the American Standard cast. 
iron pipe flange, class 125 (ASA 
Bl6a-1939) for diameter, drilling and 
thickness. If of the oval type, the 
drilling shall be on the horizontal axis, 
the thickness shall be at least as great 
as required for round flanges and the 
diameter of the bolt circle shall be 4 in, 
for 14-in. meters and 44 in. for 2-in, 
meters. The companion flanges shall 
be made of cast iron and shall be tapped 
1} and 2 in., respectively, American 
Standard internal taper pipe thread 
(ASA B2.1-1942). 


3.3.2—Connections for 3-, 4-, 6-, 8-, 

10- and 12-in. Meters 

Main case connections shall be 
flanged. Flanges shall be of the round 
type, faced and drilled, and shall con- 
form to the American Standard cast- 
iron pipe flange, class 125 (ASA 
B1l6a—1939) for diameter, drilling and 
thickness. Companion flanges shall be 
faced and drilled and they may be 
standard companion flanges, flange and 
bell, flange and spigot or a combina- 
tion of any. Standard companion 
flanges shall be tapped 3, 4, 6, 8, 10 
and 12 in., respectively, American 
Standard internal taper pipe thread 
(ASA B2.1-1942). Flange and bell, 
and flange and spigot connections shall 
be of cast iron and shall conform to the 
American Standard cast-iron pit-cast 
pipe, class 150 (ASA A21.2-1939), as 
far as the specifications apply. Com- 
panion flanges, gaskets, bolts, nuts and 
washers shall be provided. 7 


Sec. 3-3.4—Registers 
Registers may be either “round-” or 
“straight-” reading, indicating in cubic 


feet or gallons. 
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all be TABLE 2? 
her of Compound Meters—Main Unit 

| 

I con- Meter Length, (4) Maximum Indication | Minimum Capacity (9) 
cast- i , im ail of Initial Dial | of Register Speeds. 

(ASA | (2) (3) (5) (6) (7) (8) 
ig and Minimum | Maximum cu.ft gal mil.cu.ft. mil.gal. 
188 | 203 | 2% 10 | 100 10 100 | 75 

13 283 3 10 | 100; 10 | 100 | 75 
great} 17 | 373 10 100 
the 4 1 100 1,000 | 10 | 100 | 15 
> 4 in 6 24 100 1,000 100 1,000 | 15 
23 8 30 608 1,000 | 10,000 100 1,000 3 

10 36 | 723 1,000 | 10,000 100 1,000 | 3 4 
shall 12 644 | 1,000 | 10,000 | 1,000 | 10,090 
apped | | | 
41—Round-Reading Registers vacity of the register of the bypass 


meter, when indicating cubic feet, shall 
be as given in Table 3, Columns 2 and 
4, and, when indicating gallons, as 
given in Columns 3 and 5. 


The register pinion and spur gears 
shall be firmly fastened on their spin- 
dies, shall fully mesh with each other 
and run freely, and shall be so con- 


ll be All the index circles, including the 
meshed. The spindle bearings in the initial circle, be subdivided 
| con- ten equal parts. All hands or pointers 


top and bottom register plates shall be 


Aa bushed with hard vulcanized rubber or shall taper to a sharp point and shall 
be accurately set and securely held in 
and other non-metallic bushings. place. 
all be | bushings shall have sufficient depth to 
y be insure ample spindle bearing and suf- 3.4.2—Straight-Reading Registers 
e and | ficient clearance to allow the spindles The figures on the number wheels 
‘bina- | '° revolve freely ; shall be fitted so they shall be large and distinct so that they 
ania will not work loose; shall be remova- can be read easily. The register lock 
8 10 ble; and shall be as nearly as possible and side gears shall be securely fastened 
rican | 208-Warping, non-shrinking and non- to their number wheel discs and hubs. 
hread | ‘XPanding in heat. rhe register. The tumbler pinions shall mesh ac- 
bell, | throughout, except for the dial and in- curately at the turn-over points with 
shall | fex hands, shall be plated or given the lock and side gears of the adjacent 
o the | other protective treatment, or shall be number wheels. Both main and pin- 
cast | Made of material as nearly non-cor- jon shafts shall be so secured in the 
)), as | TSive as possible, _. register frame that they cannot get 
Com-| [he maximum indication of the ini- out of position. The pinion shaft shall 
; and tial dial and the minimum capacity of be so designed that there is no possi- 
the register of the main meter, when _ bility of its bending and allowing the 
indicating cubic feet, shall be as given pinion to skip at the turn-over point. 
in Table 2, Columns 5 and 7, and, when All parts of the register shall be plated 
-” or} indicating gallons, as given in Columns or given a protective treatment, or 
cubic} 6 and 8. The maximum indication of shall be made of material as nearly 


the initial dial and the minimum ca- 


non-corrosive as possible. eo 


if 

| 
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The maximum indication of the digits 
appearing on the first number wheel 
and the minimum capacity of the regis- 
ter of the main meter, when indicating 
cubic feet, shall be as given in Table 2, 
Columns 5 and 7, and, when indicat- 
ing gallons, shall be as given in Col- 
umns 6 and 8. The maximum indica- 
tion of the digits appearing on the first 
number wheel and the minimum ca- 
pacity of the register of the bypass 
meter, when indicating cubic feet, shall 
be as given in Table 3, Columns 2 and 
4, and, when indicating gallons, as 
given in Columns 3 and 5. 

There shall be a test index circle 
which shall be divided into ten equal 
parts. The hand or pointer shall taper 
to a sharp point and shall be accurately 
set and securely held in place. 


Sec. 3-3.5—Register Boxes 


Register boxes and lids shall be made 
of bronze composition or shall be of the 
same material as the top case, with the 
name of manufacturer cast on the lids 
in raised letters. The serial number 
of the meter shall be plainly stamped 
on the lids of both the main and by- 
pass meters. If required, the serial 
number shall also be stamped on the 
cases. The lids shall be recessed and 
shall lap over the box so that dirt will 
be prevented from accumulating on the 
glass. The glass shall be inserted from 
the inside and shall be securely held in 
place without the use of putty or pins. 
All register compartments shall be 
provided with a water escape hole ¢ in. 
in diameter. When the meter is 
equipped with hoods the register box 
lids may be omitted. 


- Sec. 3-3.6—Intermediate Gear Trains 


Intermediate gear trains may be 
mounted on the measuring chambers 
or in the upper main casings. Gear 


train frames, spindles, gears and pin 
ions shall be made of durable nop. 
ferrous material. Pinions and spur 
gears shall be firmly fastened, shall 
fully mesh with each other and shall 
run freely. The lower end-bearing; 
for pinion and spur gear spindles that 
revolve shall be fitted with hard vy. 
canized rubber or other non-metallic 
bushings fastened in place so they will 
not fall or work out and they shall be 
easily removable. Gear trains may be 
of either the oil-enclosed or open type. 
If of the oil-enclosed type, the gear 
trains shall have a separate housing 
or shall form a housing with the main 
casings or measuring chamber and shall 
operate in a suitable lubricant. 


3.7.1—Displacement 


The measuring chambers for dis- 
placement type meters shall be made of 
bronze or non-ferrous composition and 
shall not be cast as part of the outer 
casings. They shall be machined care- 
fully and secured in position in the 
outer casings so that any slight dis- 
tortion of the casings which might oc- 
cur under 150-lb. pressure will not 
affect the sensitiveness of the meters. 


3.7.2—Current 


The measuring chambers or cages 
for current type meters shall be made 
of bronze or non-ferrous composition 
and shall be self-contained units firmly 
seated and easily detached and removed 
from the main case. Chambers with 
impellers that have revolving spindles 
shall have long, hard rubber, bushed, 
removable bearings for such spindles. 
Chambers with impellers that revolve 
around a stationary stem shall contain 
a rigid, centrally located, stationary 
stem for suspending the impeller. 
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Sec, 3-3.8—Pistons 


The measuring pistons of the dis- 
placement type meters shall be made 
of vulcanized hard rubber, shall be 
smoothly machined, shall be fitted ac- 
curately in their measuring chambers 
and shall operate smoothly and freely. 
The plates of disc pistons, whether 
fat or conical, shall have metal rein- 
forcements or shall be equipped with 
thrust rollers. Disc pistons may be in 
one piece or the piston plates may be 
in one piece and the piston balls in two 
pieces. The piston spindles or shafts 
shall be securely fastened in the pis- 
tons. 

The piston reciprocations, rotations, 
oscillations or nutations per cubic foot 
shall not exceed the quantities given in 
Table 3, Column 6. 


Sec. 3-3.9—Impellers 


Measuring impellers, wheels or pis- 
tons of the current type meters shall be 
made of vulcanized hard rubber. The 
measuring impeller shall be mounted, 
or shall rotate, on phosphor-bronze or 
other suitable metal spindle and shall 
be supported by jewel, ball or other 
suitable bearings. Measuring impel- 
lers mounted on spindles shall revolve 
in hard-rubber-bushed bearings. The 
measuring impeller, together with its 
spindle, shall be as nearly as possible 
of the same specific gravity as water. 

The number of impeller revolutions 
per cubic foot should not exceed the 
quantities given in Table 2, Column 9. 


The registration on the meter dials 
shall indicate the quantity recorded to 
be not less than 97 per cent nor more 
than 103 per cent of the water actually 
passed through the meter while it is 
being tested at any rate of flow within 
the limits specified in Table 1, Column 


Section 3-4—Registration 
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Sec. 3-3.10—Automatic Valves 


Automatic valves may be of the com- 
pound swing or lever type, the vertical 
lifting type or a type suitable for such 


purpose. 


TABLE 3 
Compound Meters—Bypass Unit 


Maximum Indi- Minimum 
cation of Capacity of (6) 

(1) Initial Dial Register Speeds, 
Meter revolu- 
Size, tions 4 

+n. (2) (3) (4) (5) 

cu.ft. gal. = cu.ft. 
3 1 10 0.1 1 435 
3 1 10 1 10 250 

1 10 100 1 10 125 

1} 10 100 | 10 100 50 

2 10 | 100 | 10 100 | 30. 

3 10 100 10 100 


Sec. 3~3.11—Strainers 


Meters may or may not be provided 
with strainers. Strainers, if provided, 
shall be rigid, shall be easily removed 


and shall have an effective straining 
area as large as practicable and at least 


double that of the meter main case in- 
let. 


Sec. 3-3.12—Seal Wire Holes 


Register box screws and inlet and 
outlet couplings shall be drilled for seal 
wire holes. All seal wire holes shall 
not be less than 3%; in. in diameter. 


5, under “Normal Test Flow Limits,” 
except in the registration of flows within 
the “change-over” from bypass meter 
to main meter. The registration at 
these rates of flow shall not be less 
than 85 per cent. The difference in 
the rate of flow at the beginning and 


| 


| 
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The beginning of the “change-over” 
is when the accuracy of registration 
falls below 97 per cent, due to the 
operation of the automatic valve mecha. 
nism, and the end of the “change-over” 


at the end of the “change-over” shall 
not exceed the figures given in the fol- 
lowing table. 


Rate of Flow, 


a am is when the accuracy of registration 
Wwe again reaches 97 per cent. 
3 60 There shall be not less than 95 per 
4 100 cent of actual flow recorded when 4 
6 200 test is made at the rate of flow set 
oe 160 forth in Table 1, Column 4, under 
620 “Minimum Test Flow.” 


Section 3-5—Pressure Test 


psi. without leakage or damage to any 
part. 


Meters shall be guaranteed to oper- 
ate under a working pressure of 150 


Section 3-6—Workmanship and Materials 


such period shall be supplied without 
charge, piece for piece, upon the re- 
turn of such defective parts to the 
manufacturer thereof or upon proper 


proof of such defect. 


adjust all meters rejected for failure to 
comply with these specifications. 


Meters shall be guaranteed against 
defects in materials and workmanship 
for a period of one year from date of 
shipment. Parts to replace those in 
which a defect has developed within 


Section 3-7—Rejected Meters 


The manufacturer shall, at his own 
expense, replace or satisfactorily re- 


NOTES 


These notes are not part of the specifications. They are given only as information con- 
cerning the testing and care of meters and important materials used in meter construction. 
They are not intended to limit in any way the future development of better materials for 
general use or the use of special metals with specific waters which may require materials 


Vol. 


(1) Tests 

Capacity tests are those which test the de- 
sign of the meter. When a meter of a given 
design has once been tested for capacity it 
should not be necessary to test this type of 
_ meter again unless a change has been made 
in the design. 

Registration tests are those which test the 
assembly and workmanship of the meter. 
Each meter should be tested for registra- 
tion, as there is no certainty that, because 
one meter of a given design is within cer- 
tain limits of accuracy, all meters of this 


of different composition to give service equal to that recorded in normal practice. 


design will necessarily give similar results 
The register furnished with each meter 
should be used by both the manufacturer 
and the purchaser in making registration 
tests. 

All meters should be tested for accuracy 
of registration within, and as near as prac- 
ticable to, the low and high rates given under 
“Normal Test Flow Limits,” and occasion- 
ally additional tests should be made at one 
or more intermediate points. A test at the 
“Minimum Test Flow” should be made on 


all meters. 


2 


the outlet ring shall be placed at a distance 
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>-over’} A pressure test should be made on each distance of eight diameters or more below the : 
tration | size of meter of a particular design fur- nearest upstream stop valve or fitting, and : 
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aished. This pressure is to be 150 psi., and 
may be obtained by the use of a hand pump 
any method available. The meter should 

e tested for accuracy before and after it 
has been tested by static pressure to de- 
ermine whether there has been any distor- 
tion that would affect the registration. It 
is unnecessary to make more than one pres- 
wre test on each size of a given design if 
atisfactory results are obtained. A work- 
ing pressure test is preferable to a static 
pressure test. 

If the purchaser has no testing equipment, 
, certificate should be furnished by the 
manufacturer showing that each meter has 
heen tested for accuracy of registration and 
that it complies with the specifications and 
that the size and design comply with the 
capacity requirements. 


2) Testing Equipment 

The minimum -test equipment is as fol- 

(a) A valve on the supply line which 
would permit the starting and stopping of 
the ow without appreciable loss of time. 

(b) A valve or other suitable device on 
the discharge line which can provide the 
rate of flow desired. 

(c) Pressure gages on supply and dis- 
charge pipes, so that any change in pressure 
vhich would affect the rate of flow can be 
letected. The discharge pipe must be under 
wficient head to guarantee a pressure on 
the outlet of the meter. 

(d) A measuring device of either the 
volumetric or weighing type. The accuracy 
f the determination of the amount of water 
lischarged should be such as to bring the 
imit of error within 0.25 per cent. The 
mount of water passed should be sufficient 
cause at least one revolution of the pointer 
n the initial dial except for the test at the 
Minimum Test Flow” rate. The amount 
gassed at the “Minimum Test Flow” rate 
should be of sufficient quantity to secure a 
true indication of the accuracy. 

(e) Two piezometer rings of exactly the 
ame diameter for capacity tests. The pie- 
meter rings must be free from any burrs 
where the holes are drilled through the wall 
f the ring, and not fewer than four holes 
hall be provided, drilled in pairs on diam- 
eters at right angles to each other. The in- 
et ring shall be set close to the meter at a 


of between eight and ten diameters from the 
outlet of the meter. The diameter of the 
rings, the inlet and the outlet pipes shall be 
the same as the size of the meter to be tested. 
The rings are to be connected to a mercury 
U-tube, equipped with an accurate adjustable 
scale for measuring the difference in mercury 
level, by rubber or metallic tubing. Pro- 
vision is to be made for the complete removal 
of air from the U-tube and tubing connected 
therewith, and the installation is to be such 
that air will rise to the air outlets. Where 
relatively high flows are to be measured, it 
is necessary to read both sides of the mercury 
column simultaneously in order to compen- 
sate for irregularities in the diameter of the 
glass U-tube and to avoid errors due to 
fluctuations. 

Suitable pressure gages may also be used. 


(3) Care of Meters 


In a compound meter the motions of the 
pistons and impellers are transmitted by a 
system of gearing to the register where the 
flow is recorded in convenient units of meas- 
ure, as cubic feet or gallons. The gearing 
serves to translate the motion of the pistons 
and impellers into the unit of measure in- 
dicated by the registers. The register is at 
all times a measure of the number of revolu- 
tions of the pistons or measuring impellers 
in terms of cubic feet or gallons. It records 
a true measure of flow only when the meter 
has been properly calibrated by gear adjust- 
ment, and after proper calibration will con- 
tinue to register correctly only as long as 
the piston and impeller continue to make the 
proper number of cycles for each unit of 
quantity passed through the meter. If, after 
calibration, any condition should develop 
whereby the pistons or impellers are com- 
pelled to make less than the proper number 
of cycles per unit of quantity passed through 
it, the meter will under-register. If the pis- 
tons or impellers are compelled to make 
more than the proper number of cycles, the 
meter will over-register. The proper num- 
ber of cycles is the number made at the time 
the meter is calibrated. Under ordinary 
working conditions, there are a number of 
factors that may cause under- or over-reg- 
istration after comparatively short intervals. 
The more important of these factors which 


ie 


| 

| 

ij 

> 

3 

| 

| 


560 


should be guarded against to secure proper 
registration are: 

(a) Excessive Wear. Excessive wear of 
the moving parts of the meter may be caused 
by improper setting, by over-speeding, or, in 
general, by the selection of a meter too small 
for the work required. The effect of ex- 
cessive wear of the pistons, impellers or 
measuring chambers is slippage and under- 
registration. Excessive wear of the inter- 
mediate gear trains may cause binding of 
the gears or gear slippage. In any case, if 
the meter is not stopped entirely, under- 
registration will result. To avoid excessive 
wear, meters should be set in a horizontal 
position and should not be run at destructive 
speeds. The capacity of the meters given in 
the specifications represents the maximum 
rates of flow at which water should be 
passed through meters for short periods of 
time or the peak loads which should come 
upon meters only at long intervals. These 
rates would be destructive under continuous 
service. For continuous 24-hour service 
meters of the compound type should not be 
operated on flows greater than one-third of 
the capacity of the meter. If a compound 
meter is to be used for continuous service 
at a more or less uniform rate of flow, care 
should be taken to select a size of meter in 
which the “change-over” point is lower than 
the flow which is usually to be measured. 

(b) Temperatures. High temperatures 
cause expansion of the rubber pistons and 
impellers, which tends to create unusual 
friction or to bind the piston or impeller in 
its chamber. The effect is slippage and 
under-registration, or failure of the meter. 
Low temperatures have no noticeable effect 
on the working parts of the meter. Freez- 
ing will stop the meter and possibly damage 
it. 

Cold water meters are not affected by 
temperatures up to about 80°F. In warm 
climates, where the temperature of the water 
is likely to go above 80°F., meters with 
clearances slightly larger than ordinary 
should be used, and accuracies indicated in 
the specifications must be modified accord- 
ingly. 

To avoid troubles caused by temperature, 
meters should be set at locations where they 
will be protected from heat and frost. At 
locations where the hot water from heating 
systems may be forced back through the 
meter, a check and relief valve should be 
installed on the outlet side of the meter. 
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(c) Corrosion. All the metals used j 
the construction of a meter are affected }y 
the corrosive action of water. The action 
is very slow with most potable waters. The 
result is that parts of the meter are weak. 
ened, particularly the teeth of the open jp. 
termediate gears, and, with meters that are 
idle for long intervals, there is a tendency 
toward binding. Tuberculation of the outer 
case in meters of the current type may 
change the normal direction of flow and 
cause over-registration. 

(d) Material in Suspension. Foreign ma- 
terial carried in suspension has a tendency 
to fill the space between the piston and meas- 
uring chamber and cause over-registration 
of displacement meters. Such over-registra- 
tion, however, is limited and cannot gen- 
erally exceed 3 per cent. 

Accumulations of deposit always tend to 
cause over-registration of current meters. 
as any conditions tending to change the 
velocity of flow, after the meter has been 
calibrated, will cause  over-registration, 
Such over-registration is not limited. 

Meters provided with strainers will re- 
tain the larger particles of material in sus- 
pension, but the strainer will soon become 
clogged if the water is not kept reasonably 
free of suspended matter. Sand is especially 
destructive and care should be exercised to 
keep sand from reaching the supply pipes. 

The finer particles of suspended material 
cannot be prevented from reaching the meter 
and troubles from this source can be avoided 
only by cleaning the meter periodically, the 
interval between cleanings depending upon 
the quality of the water. 

(e) Periodic Tests. Meters properly se- 
lected as to size and type will give satisfac- 
tory service over a long period of time with- 
out attention only when operated under ideal 
conditions. Under ordinary conditions meters 
must be given some care if they are to fune- 
tion properly. In most cases it is impossi- 
ble to ascertain, without actual test, whether 
a meter which has been in service is regis- 
tering within the required degree of ac- 
curacy. Consequently, to insure reliable 
meter measurements, it is essential that all 
meters be subjected to periodic tests. The 
interval between tests and the method of 
conducting them must be governed largely 
by local conditions. Under average condi- 
tions the following intervals between tests 
should not be exceeded : 
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Meter Size, Years Between 
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Many state regulatory commissions specify 
the intervals between tests on both a time 
and quantity basis. 

Meters of the compound type used for 
measuring unfiltered surface waters should 
be cleaned about once a year in order that 
they may be kept in good working condi- 
tion. When filtered or exceptionally clean 
water is used, the intervals between clean- 
ings may be longer. 

Best results will be obtained from com- 
pound meters if they are calibrated in place, 
since the accuracy of these meters is affected 
by changes in the distribution of velocities 
through the meter. A meter of this type, 
calibrated in a testing machine under con- 
ditions where there is a bend near the inlet 
side of the meter, may register incorrectly 
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from the start if installed under conditions 
where there is a straight run of pipe in the 
inlet side. Any other condition tending to 
change the distribution of velocities as ex- 
istent at the time of calibration will have the 
same effect. If calibrated on premises this 
source of error is minimized. 

For 3-in. and larger meters the installa- 
tion of a test tee in the outlet piping makes 
testing easier and reduces the cost of testing. 

(4) Bronze. A bronze which is satisfac- 
tory for most waters is that of specifications 
B62-36 of the American Society for Testing 
Materials or No. 2 Federal Specifications 
QQ-B-691la for an alloy of copper, tin, lead 
and zinc, known commercially as composi- 
tion metal, 85—5-5-5, ounce metal, red brass 
or hydraulic bronze. 

(5) Rubber. <A_ satisfactory rubber for 
pistons, measuring impellers and bushings 
should, among other items, have a specific 
gravity under 1.2, a minimum tensile strength 
of 6,500 psi., a maximum elongation of 5 per 
cent, a hardness (scleroscope test) of not 
less than 67, a free sulfur content of 3 per 
cent or less, a free ash content of not more 
than 3 per cent and a uniformity of cure cure 


and physical characteristics. ‘ 
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‘Retirement Experi 
Works Facilities 


ALM BEACH and West Palm 
Beach, Fla., are supplied with water 

by the privately owned and operated 
plant of the West Palm Beach Water 
Company. The two coimmunities are 
located on the Atlantic shore of Florida, 
separated by Lake Worth, an arm of 
the ocean about } mi. wide. West 
Palm Beach has a permanent popula- 
tion of about 40,000 which is increased 
to about 50,000 during the winter 
months. It is predominantly a resi- 
dential city but there are a number of 
small industries and it is the com- 
mercial and shipping center for the 
surrounding agricultural area. Palm 
Beach, located on the ocean, is a typi- 
cal resort community, with a = sum- 
mer population of 5,000 and a winter 
population of about 20,000. The total 
population served ranges from 45,000 
_in the summer months to some 70,000 

in the winter season. 

As of the date of the study about 
8,400 customers were attached to the 
distribution system, which consists of 
about 200 mi. of main and 822 fire 
hydrants. 


Development of the Existing System 


The initial water supply installation 
~was made in 1894 by the Florida East 
Coast Hotel Company to supply water 
to the newly built Royal Poinciana 
Hotel in Palm Beach. The installation 
consisted of a pump on the shore of 
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_ West Palm Beach, Florida—Survival and 


ence With Water 


Clear Lake, a fresh water lake located 
about a mile west of Lake Worth and 
an 8-in. transmission main to Palm 
Beach. The water supplied was un- 
treated, very soft, rather highly corro- 
sive and contained considerable organic 
color. 

Later, the area between Clear Lake 
and Lake Worth was subdivided and 
became West Palm Beach. The re. 
sulting settlement was served from the 
hotel company’s supply as was also the 
small colony which developed in Palm 
Beach. In 1901 a franchise was 
granted by the town of West Palm 
Beach but the water system at that 
time had only about 200 customers, 
In 1909 the hotel company sold the 
system to the West Palm Beach Water 
Company. It was not until after 1920 
that the area showed a_ substantial 
growth. 

The first filters, rated at 3-mgd. ca- 
pacity, were installed in 1919-20. Ai 
additional 3-mgd. extension was added 
in 1925. The growth after 1924 dic- 
tated the construction of more sub- 
stantial supply and distribution works. 
The present filtration plant was com- 
pleted in 1927 and, at the same time, 
electrically operated pumps were in- 
stalled. The existing filtration plant 1s 
rated at 16 mgd. Treatment consists 
of aeration, sedimentation, _ filtration 
and chlorination, with Clear Lake re 


maining as the source. j 
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Elevated storage is provided by a 
?-mil.gal. standpipe located in West 
Palm Beach about 34 mi. south of the 
pumping station. At the northerly end 
of Palm Beach there is a 1-mil.gal. 
sround storage reservoir which supply 
s pumped automatically into the sys- 
rem when required. 

West Palm Beach and Palm Beach 
are connected by three subaqueous wa- 


ter crossings of 12-, 20- and 24-in. pipe. 


Basis of Study 


The information from which the data 
ysed in the study were secured was, for 
the early years, determined in an ap- 
praisal of the property made in 1928. 
Since 1925 the records of installation 
and retirement of pipe are complete. 
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The information on the installation 
of services, prior to 1925, was secured 
from existing records and data. Re- 
tirements of services prior to 1929 are 
incomplete and are not incorporated in 


this study. as 


Mortality survival studies were 
made of mains and services. Table 1 
is a summary of the pipe installed, re- 
tired and the amount still in service, 
as well as other pertinent data. Table 
2 is a similar summary of services. 
Figures 1 and 2 show the developed 
mortality survival curves of the respec- 
tive facilities. 

A summary of the principal items of 
Class B facilities is included hereafter. 


Pumping Equipment 
1 Reciprocating High- ) 
Lift (Snow) * | 1902 | 1926 | $200 | $ 4,500) OIS 
1 | Reciprocating High- | 
Lift (Platt) | 1912 | 1926 | 200 | 5,500} IS 
| Reciprocating High- || Steam 
Lift (Laidlaw) {| Engine | 1.5 — 1912 1930 200 11,487 i. 
6in. | 1921 | 1930 50 2,011 
| \| Cent. Low-Lift (Stur- | Sin. 1921 1930 50 2,409 S 
10in. | 1921 | 1903 50 | 29501 § 
1 | Cent. Low-Lift ) 1.5 mgd.| 1922 | 1930 | 400 | 2,170} IS 
1 | Cent. High-Lift | 3.0 mgd.| 1922 1930 500 6,722 S 
1 = Low-Lift | Turbine | 4.0 mgd.} 1923 1930 500 6,006 S 
1 | Cent. High-Lift | 5.0 mgd.| 1924 1930 500 7,014 
1 | Cent. Low-Lift } 5.0 mgd.| 1924 1930 500 5,260 S 
| | Cent. Well Pump 1925) 
Cent. Basin Pump 1925 
1 | Cent. Low-Lift 3.0 mgd.| 1927 
1 | Cent. High-Lift . | 3.0mgd.| 1927 | 
Low-Lift Electric | gomgd| 1927) 
1 | Cent. High-Lift 6.0 mgd. wal 4. 
1 | Cent. Low-Lift 15.0 mgd.| 1927 
| | Cent. High-Lift 12.0mgd.) 1927 | 


* Purchased second-hand 1902. 
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SUMMARY OF CLAss B FACILITIES (contd.) 
| Salvage | ase 
1 | Electric Switchboard and Power Wiring | 1927 
2 | 175-hp. Phoenix Boilers 1912 1930 | $ 200 = 
1 | Walsh & Weidner Boiler ne 2 1923 | 1930 | 400 | $ 8,155. S 
1 | Walsh & Weidner Boiler | 1925 1930 400 430 S 
1 | Condenser 1922 1930 1,000} 5,354 S 
1 | Condenser 1925 | 1930 | 2,500] 20,995, 5 
16-in. Venturi Meter a 1921 | 
1 | 30-in. Venturi Meter tay 1925 
1 | 20-in. Venturi Meter " e | 1922 1930 | Scrap 1,199 D 
| Dry Feed Machine | 
1 | Dry Feed Machine | 1924 | 1936 100) 5500 
1 | Wallace and Tiernan Ammoniator | 1935 
2 | Wallace and Tiernan Chlorinator 1925 
1 | Wallace and Tiernan Chlorinator 1940 
2 | Alum Feed Machines ve? . 1921 1930 | Scrap 1,083 
3 | Alum Feed Machines > ee 1927 | 
3 | Alum Hoppers and Scales 7 1927 
Purification Structures 
2 | Concrete Sedimentation Basins 1921 
2 | Concrete Sedimentation Basins 1926 
1 | 3-mil.gal. Concrete Filter Unit = 1921 1930 | None | 37,033 Ss 
1 | 3-mil.gal. Concrete Filter Unit 1925 1930 | None | 36,816 S 
4 | 5-mil.gal. Concrete Filter Unit 1927 | 
Source of Supply 
1 | Concrete Spillway 1938 
Tanks and Reservoirs 
1 | 0.5-mil.gal. Steel Tank and Tower 1922 1940 | None | 44,376, G 
1 | 2-mil.gal. Steel Standpipe 1925 
1 | 400,000-gal. Standpipe * 1912 
1 | 250,000-gal. Steel Tank and Tower 1927 
1 | 400,000-gal. Concrete Clear Well | 1921 
1 | 1-mil.gal. Concrete Clear Well 1927 
1 | 1-mil. gal. Concrete Reservoir 1940 


* Gunite lining added in 1938. 


Symbols: O—Obsolescence 
D—Functional Depreciation wh 


—Supercession—Steam to Electric 


I—Inadequacy 
G—Governmental Order 
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TABLE 1 
SUMMARY OF MAINS 
West BEAcH, FLORIDA 
d | No. of | Percent-| No. of | Percent- No. of Percent- | Year of | Average _ 
Size, | Kind | Feet age of | Feet age of Feet in age of | First In-| Age, 
in. | | Installed Total | Retired Total Service Total | stallation yr. 
8,679 | 1.3 0 0 | 8679) 1.5 | 1925 | 15.5 
4 | 94,719 14.4 | 52,683 55.5 42,036 | ea 1901 | 26.3 
6 | 73,038 | 11.1 | 9,987] 10.5 | 63,051 | 11.2 | 1894 | 24.2 
8 |] Coctiron | 4557] 9.8 | 21,644] 22.8 | 42,913] 7.6 | 1894 | 22.8 
0 i 4 | oe 0.9 | 0 0 5,635 1.0 | 1921 | 16.9 
2,670 | 0.4 0 0 2,670} 0.5 | 1922 | 18.5 
| 4,585 0.7 0 0 4,585 0.8 1914 26.5 
8,251 1:2 2,530 2.7 5,721 1.0 1920 17.2 
1,160 0.2 0 tv) 1,160 0.2 1921 19.5 
? 11,041 i 0 0 11,041 2.0 1938 pe 
1,069] 0.2 134] 0.1 | 935| 0.2 | 1929 | 9.0 
6 | 165,282 20:4 475 0.5 | 164,807 29.3 1925 13.3 
8 112,462 17.1 7,550 7.9 104,912 18.6 1924 12.2 
10 Cast-iron, | 15,175 0 15,175 1925 15.0 
12 ‘| cement-lined | 31,884 4.8 0 0 31,884 5.7 1925 12.2 
16 28,424 4.3 0 0 | 28,424 5.0 | 1925 | 11.1 
0 17,475 | 2.7 0 0 17,475 3.1 1925 14.4 
4 11,361] 1.7 0 11361) 20} 1926 | 14.2 
0 | 645| 0.1 0 0 645} 0.1 | 1925 | 15.5 
Tora 658,112 | 100.0 | 95,003 | 100.0 | 563,109 | 100.0 
Percentage of 100.00 14.44 85. 56 
Total 
Average Size, in. 7.9 5.8 |. 8.3 
Mortality Survival Ratios 
Size, in. Kind No. of Feet ee Percentage 
2 8,679 15.5 100.000 
4 94,719 39.5 27.390 
6 ee 73,038 46.5 83.935 
Cast-iron unlined “ty 64,557 45.5 44.223 
10and 12 || 8,305 19.5 100.000 
Over 12 13,996 26.5 81.923 
24 11,041 2.5 100.000 
4 meet 1,069 11.5 87.465 
6 Cast-iron cement-lined sia 165,282 15.5 99.527 
8 qu 112,462 16.5 92.436 
10-30} 104,964 15.5 100.000 
TOTAL 658,112 
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100 
Galvanized Steel Cement lined 
Copper 
90 90 + + 
“1-2-in. Copper | 
| “4-in. Cast-Iron Cement-Lined 
Size 
-2-3-in. Galvanized Steel 
| 
50 + 2 50 4 
) 
13 
30 { 
2 
‘ 
20 | 
: 
a Per Cent | | a Per Cent 
0 10 20 30 40 50 60 70 ° 10 20 30 40 50 60 70 
SERVICE AGE YEARS SERVICE AGE IN YEARS 
Fic. 1. Mortality Survival Curve—4-23-in. Fic. 2. Mortality Survival Curve—}+4-in 
Cast-Iron Unlined Mains—West Palm All Mains—West Palm Beach, Florida 
Beach, Florida 
BASE: Feet SURVIVAL: 1927-1940 
BASE: Feet SuRVIVAL: 1894-1940 SIZE KIND EXPOSURES — RETIRE-| ~ 
SIZE EXPOSURES RETIREMENTS MENTS 
in. 7 4 ft. ft. in. ft. fi. 
4 . 7 94,719 52,683 3-14 Galvanized Steel 7,939 3,583 
6 73,038 9 987 2-3 Galvanized Steel 2,126 578 ? 
8 _ 64,557 21,644 1-2 Galvanized Steel 
10 and 12 8,305 0 Cement-Lined 79,588 1,372 
Over 12 13,996 2,530 2 Copper 37,494 840 
1-2 Copper 33,215 722 
Par 4 Cast-Iron Cement- 279 14 
Causes of Retirement Lined r 
Two factors have influenced early 
retirement of certain sections of pipe cement lining and reinstallation of a 
installed in the service area, namely, considerable portion of the larger size 
the effect of the corrosive action of sea pipe which are shown in the tables as 
water and the corrosive nature of the _ retired. aan : 
water served. Prior to about 1920, lin 
and in the period 1926-1935, the water ee - 54 
served was quite corrosive. Between The collection and compilation of | 1929 
1920 and 1926 a greater use of well data pertaining tothe West Palm Beach} 4 
water reduced its corrosive nature. Water Company were under the super- | ° “ 
Table 3 is a summary of notes rela- vision of R. W. Reynolds, Superin-] .. ,, 
tive to the retirement, reconditioning, tendent. ene 
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No. of No. of No. of Year of Average 
Size, in. Kind Feet Feet | Feet in First In- Age, 
‘ Installed Retired Service stallation yr. 
} 4,440 1,784 2,056 1929 
1 1,797 | 1,299 498 1929 7.4 
| 2107 | 578 1,529 | 1929 4.3 
27,788 784 | 27,004 | 1927 10.9 
1} || Galvanized steel cement-lined| 27,296 294 27,002 1927 13.0 
17,053 0 17,053 1927 12.5 
7,451 294 7,157 | 1927 11.9 
| 37,494) 840 | 36,654 | 1928 4.4 
| 22,876 | 407 | 22,469 | 1928 4.9 
Copper 1,576 11 1,565 | 1930 4.7 
4,236 213 4,023 | 1928 4.9 
| 91 4,436 | 1930 4.8 
Per Cent 4 Cast-iron | 279 14 265 1930 6.7 
TOTAL 160,641 | 7,109 153,532 8.5 
i-+in Percentage of Total 100.00 | 4.43 | 95.57. | 
940 Mortality Survival Ratios 
MENTS Size, in. Kind No. of Feet oe Percentage 
ft. 
3,583 41} Galvanized steel , 7,939 11.5 24.608 
578 2and 3 Galvanized steel 2,126 15 4.839 
1-2 Galvanized steel cement-lined 79,588 13.5 98.153 
1,372 : Copper 37,494 12.5 94.901 
840 1-2 Copper 33,215 12.5 89.791 
722 4 | Cast-iron 279 10.5 94.531 7 
Tora. 160,641 


of a 


les as SEEM ON RETIREMENT OF PIPE 
West PALM BEACH, FLORIDA 
tin. Cast-Iron Unlined 6-in. Cast-Iron Unlined 
| 546 ft. of pipe laid in 1920 and retired in 4,449 ft. of pipe laid in 1916 and retired in | 

nm Ol | 1929 were relaid as unlined Pipe in 1929, 1930 were reconditioned, cement-lined and — 
Beach oi ft. of the above 546 ft. were retired In etaid in 1930 and are still in service. 

Ps Balance of 4-in. pipe retirements abandoned 1,248 ft. of pipe L uid in 1916 and retired ins 
not economically recoverable or sold as 1930 were reconditioned, cement-lined and 


xcond-hand pipe. relaid in 1931 and are still in service. 
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8-in. Cast-Iron Unlined 


2,989 ft. of pipe laid in 1894 and retired in 
1905 were relaid as unlined pipe in 1905. 

2,989 ft. of pipe laid in 1894 and retired in 
1915 were relaid as unlined pipe in 1915. 

5,978 ft. of pipe, above noted, retired in 
1930, were reconditioned, cement-lined and 
relaid in 1930 and are still in service. 

284 ft. of pipe laid in 1925, retired in 1937, 
were reconditioned, cement-lined and _ relaid 
in 1939 and are still in service. 

7,550 ft. of cement-lined pipe laid in 1926, 
retired in 1930, were reconditioned, cement- 
lined and relaid in 1930-31 and 


This pipe, though listed 


are still in 


service. as cement- 
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lined, was found to have only a light cemey 
wash. 

5,637 ft. of pipe laid in 1922, retired in 1938 
were reconditioned, cement-lined and relajg 
in 1938-39-40 and are still in service. 


16-in. Cast-Iron Unlined 


1,830 ft. of pipe laid in 1920, retired in 1929 
were reconditioned, cement-lined and _ relaig 
in 1930 and are still in service. 

188 ft. of pipe laid in 1920, retired in 1929 
were reconditioned, cement-lined and relaid 
in 1940 and are still in service. 

Above pipe was installed in salt water and 
512 ft. of pipe retired in 1929 were unfit for 
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2-1n. Cast-[RON UNLINED MAINS 


WEST PALM BEACH SURVIVAL AND RETIREMENT 


SUMMARY OF INSTALLATIONS AND RETIREMENTS 


West Braco, FLoRIDA 


MAINS 


Year Feet 
Installed Installed — In Service Retired 

1925 8,679 8679 0 
1940 0 
ToTAL 8,679 8,679 0 
4-1n. Cast-I[RON UNLINED MAINS 

Year Feet 
Installed Installed In Service Retired 
1901 23,064 9.074 13,990 
1903 3,060 1,246 1,814 
1905 3,060 1,314 1,746 
1911 2,150 0 2,150 
1912 11,162 5,753 5,409 
1913 680 680 0 
1915 7,548 0 7,548 
1916 9 960 5,766 4,194 
1917 5,740 1,135 5 

1918 5,975 5,374 
1919 3,256 0 
1920 6,113 340 
1924 3,745 2,730 
1925 7,374 7,374 
1926 1,040 1,040 
1929 546 60 
1930 96 0 
1939 150 150 
1940 0 0 
TOTAL 94,719 42,036 
Retirements by Years 
Year 
Installed Feet Year Feet Year Feet Year 
1901 1,055 1925 10,880 1926 517 1930 
1,042 1931 256 1932 240 1937 
1903 780 1930 1,034 1940 
1905 521 1932 786 1938 310 1938 
129 1940 
1911 2,150 1925 
1912 3,105 1925 1,030 1926 183 1931 
1,091 1938 
1915 1,300 1921 3,248 1926 3,000 1934 
1916 1,135 1929 505 1930 2,009 1934 
545 1936 


4-1n. Cast-IRON UNLINED (contd.) 
Retirements by Years (contd.) 
Year 
| Installed Feet Year Feet Year Feet Year = 
| 1917 450 1922 680 1931 2,280 1934 
1,195 1935 
1918 4701925 1311930 
1919 1,120 1925 2,136 1934 =| 
1920 3,275 1925 310 1928 2,188 1929 
1924 1,015 1933 
1929 486 1932 
1930 96 1934 


6-IN. Cast-IR« 


»N UNLINED MAINS 


Year Feet 
Installed — Installed In Service 
1894 2,422 2,422 
1895 4,220 4,220 
1901 3,074 1,574 
1906 850 850 
1912 5,387 5,387 
1913 1,082 1,082 
1915 1,752 1,752 
1916 20,030 14,240 
1917 2,020 2,020 
1918 3,262 2,947 
1920 1,950 1,950 
1921 1,292 1,292 
1922 3,575 2,918 
1924 13,390 11,665 
1925 2,415 2,415 
1926 2,527 2,527 
1927 3,790 3,790 
1940 0 0 
Porat 73,038 63,051 

Retirements by Years 
Year 
Installed Feet Year Feet Year Feet 
1901 1,500 1925 
1916 5,790 1930 
1918 315 1925 
1922 545 1929 112 1934 
1924 137 1928 105 1930 990 
493 1935 


Retired 
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8-1n. Cast-IRON UNLINED MAINS 
Year Feet 
: Installed Installed In Service Retired 
1894 6,700 0 6,700 
“—_- 1895 3,000 3,000 0 
“~ 1901 4,574 4,574 0 
1905 7,219 1,474 5,745 
1912 715 715 0 
1913 725 725 0 
1914 1,250 1,250 0 
1915 2,989 0 2,989 
1918 550 550 0 
; 1922 10,990 5,064 5,926 
7 1923 18,725 18,725 0 
: 1925 5,390 5,106 284 
1926 1,600 1,600 0 
a 1931 130 130 0 
; 1940 0 0 0 
loral 64,557 42,913 11,644 
Ty 
Retirements by Years 
Installed Feet Year Feet Year Feet Year 
1894 3,400 1905 3,300 1915 
1905 1,770 1924 2,989 1930 186 1931 
800 1934 
1915 2,989 1930 
1922 5,926 1938 
1925 284 1937 
10-1N. Cast-IRON UNLINED MAINS 
Year Feet 
Installed Installed In Service Retired 
1921 1,920 1,920 0 
1925 3,245 3,715 0 
1940 0 0 0 
TOTAL 5,635 5,635 0 
12-1n. Cast-IRON UNLINED MAINS 
Year Feet 
Installed Installed In Service Retired 
_ 1922 2,670 2,670 0 
1940 0 0 0 
Toran 2,670 2,670 0 
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14-1N. Cast-IRON UNLINED Marns 


Year Feet 
Installed — Installed In Service Retires 
1914 4,585 4,585 0) 
1940 0 0 0 
ToTaL 4,585 4,585 () 


16-IN. Cast-IRON UNLINED Mans 


Year Feet 

Installed Installed In Service Retired 
1920 2,530 0 2.530 
1923 4,108 4,108 0 
1924 1,613 1,613 0 
1940 0 0 0 

TOTAL 8,251 5,721 2,530 

Retirements by Years 

Year 

Installed Feet Year 

1920 2,530 1929 


20-1N. Cast-IRON UNLINED MaIns 


Year Feet 
Installed Installed In Service Retired 
1921 1,160 1,160 0) 
1940 0 0 0 
Tota 1,160 1,160 0 


2}-IN. Cast-IRON CEMENT-LINED Matns 


Year Feet 
Installed Installed In Service Retired 
1938 10,669 10,669 0 
1939 219 219 0 
1940 153 153 0 
TOTAL 11,041 11,041 0 


4-1n. Cast-IRON CEMENT-LINED MaINns 


Year Feet 

Installed — Installed In Service Retired 
1929 80 80 0 
1930 350 216 134 
1931 39 39 0 
1932 486 486 0 
1934 114 114 0 
1940 0 0 0 

TOTAL 1,069 935 134 
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4-1n. Cast-IRON CEMENT-LINED 


Mains (contd.) 


Retirements by Years bHe' | Installed Installed — In Service Retired 


Cast-IRON CEMENT-LINED MAINS 


Installed Installed In Service Retired 
1924 5,400 5,400 0 
1925 4,930 4,930 0 
1926 65,655 58,105 7,550 
1927 7,096 7,096 
1928 6,084 6,084 
1029 1,371 371 
1930 9,582 9,582 0 
1931 3,876 3,876 Pork 0 
1934 790 
1935 779 779 
1938 1,675 1,675 
1939 2,264 2,204 - 0 
1940 2,193 2,193 0 
Tora. 112,462 104,912 7,550 
Retirements by Years a 
Year 
Installed Feet Year — 
1926 7,550 1930 


AND RETIREMENT 


| 
e 


Year 
1925 
Installed 5 
930 134 1926 
1930 
6-IN. CAST-[RON CEMENT-LINED MAINS 1940 
Year Feet Poral 
Installed Installed In Service Retired | 
1925 12,837 12,362 475 
1926 87,647 87,647 
1927 34,265 34,265 0 12-IN 
1928 5795. 5,795 0 
1929 1,885 is 1,885 0 
1930 5,922 5,922 | Justalled 
1931 5,629 55,629 0 1925 
1932. 557. 557 0 1926 
1933 1,003 1,003 0 1927 
1934 6,591 6,591 0 1929 
935 2,619 2,619 0° 1930 
1940 532 S32. 0 1935 
1937 
TOTAL 165,282 164,807 475 1940 
Retirements by Years TOTAL 
Year 
Installed Feet Year 
475 1939 


16-1N. Cast-IRON 


Year 


Installed 


1925 
1926 
1927 
1930 
1937 
1939 
1940 


TOTAL 


20-1N. Cast-IRON 


Year 


Installed 


1925 
1926 
1927 
1931 
1940 


TOTAL 


CEMENT-LINED MAINS | 


CEMENT-LINED MAINS 


Cast-IRoN CEMENT-LINED MAINS 
| 
| 8,705 8,705 0 
6,160 6,160 0 7 
0 310 310 
0 0 0 
15,175 15,175 0 
Retired 
2,530 ST- N CEMENT-LINED 
\ST-TRON CEMENT-LINED MAIN 
() Feet 
0) Installed In Service Retired 
7,828 7,828 
2,530 2,811 2,811 
9 800 9,800 : 
4,657 4,657 
994 994 
5,367 5,367 
427 427 
0 0 
_ 31,884 31,884 
Retired 
0) 
0 
0 nstalled In Service Retired 
12,465 12,465 
[AINS 38 38 0 
3,833 3,833 
Retired 5,748 5,748 0 ; 
0 4,533 4,533 0 
; 1,361 1,361 0 
28,424 28,424 0 
() 
— 
Feet 
nstalled In Service Retired 
134 4,085 4,085 0 
0 10,995 10,995 0 
0 1,352 1,352 0 7 
0 1,043 1,043 0 : 
0 0 0 
134 17,475 17,475 = 
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24-1n. Cast-IRON CEMENT-LINED MAINS 30-1n. CAST-IRON CEMENT-LINED Marys 


“Year Feet Year Feet 
Installed Installed In Service Retired | Installed Installed In Service ~ Retire Yea 
1926 7,995 7,995 0 1925 645 645 0 Tigstal 
ToraL 11, 361 11,361 | 
193 


= : 2 
: ohh 1995 


{-IN. GALVANIZED STEEL SERVICES 


Year Feet Year Feet 
Installed Installed In Service Retired | Installed Installed In Service 
Not Complete Before 1929 1936 fe; 279 195 gg nia 
1929 1,041 595 446 1937 348 277 1 | 192 
1930 435 37 398 1938 — 1,179 1,097 g2 | 193 
1931 427 32 395 1939 116 85 31 | 193 
1932 284 80 204 1940 5 0 5 | 193 
1933 37 15 22 
1934 256 229 27 ToraL 4,440 2,656 1,784 | 193 
1935 33 14 19 193 
194 


Retirements by Years 


Year 
Installed Feet Year Feet Year Feet Year | Installed Feet Year Feet Year Feet Year y 
1929 26 1930 2 1933 10 1934 1933 1 1935 1 1937 5 1938 Bs 
6 1935 29 1936 4 1937 1 1939 14 1940 le 
47 1938 132 1939 190 1940 | 1934 1 1936 8 1938 18 1939) !% 
1930 19 1933 21 1934 9 1936 1935 8 1937 1 1938 7 199] 
22 1937 68 1938 76 1939 3 1940 ns 
183 1940 1936 1 1936 17 1938 42 199] 
1931 18 1931 20 1932 112 1935 24 1940 sie 
29 1936 93 1938 62 1939 1937 10 1938 57 1939 4 190], 
61 1940 1938 27 1938 50 1939 5 1949]! 
1932 9 1932 72 1933 7 1934 1939 10 1939 21 1940 
3 1936 32 1938 62 1939 1940 5 1940 , 
19 1940 
Ye 
nsta 
1-IN. GALVANIZED STEEL SERVICES 197 
19. 
Year | Year Feet a 19: 
Installed Installed In Service Retired | Installed Installed In Service Retired | 49; 
1929 182 114 68 1936 100 36 64 | 19: 
1930 323 14 279 1937 143 19: 
1931 250 49 201 1938 300 SS 255 19. 
1932 200 47 153 1939 5 | 19 
1933 50 7 43 1940 5 0 5 | 19. 
1934 41 34 7 re — 


1935 100 61 39 «| Tora. 1,797 


498 1,299 Tor 


7 
Vol gipril 1940 WEST PALM BEACH SURVIVAL AND RETIREMENT 
Maing 1-IN. GALVANIZED STEEL SERVICES (contd.) 
oa Retirements by Years 
0 [installed Feet Year Feet Year Feet Year | Installed Feet Year Feet Year Feet Year 
0 | 1929 1 1935 67 1940 1934 7 1940 
™ F 1930 5 1931 35 1934 1 1936 1935 39 1939 
0 22 1937 1 1938 4 1939 1936 18 1938 28 1939 18 1940 
211 1940° 1937 6 1937 8 1938 41 1939 
1 1935 11 1938 55 1939 88 1940 
74 1940 1938 244 1938 9 1939 2 1910 . 
1932 11 1938 52 1939 90 1940 1939 34 1939 8 1940 
4q (933 33 1939 10 1940 1940 5 1940 
[}-IN. GALVANIZED STEEL SERVICES | 1}-IN. GALVANIZED STEEL SERVICES (contd.) 
Year Retirements by Years 
84 installed Installed — In Service Retired Year 
| 1929 16 5 71 Installed Feet Year Feet 
gy | 1930 0 19 71 | 1929 51 1930 
31 | 1931 189 60 129 | 1930 4 1940 : 
5 | 1932 71 = 1S 1931 13 1939 82 1940 
1934 : 41 0 1932 1 1940 
1,784 | 1936 46 , 45 4 1933 10 1937 36 1940 
1940 0 1937 19 
525 ) 
272 2-1n. GALVANIZED STEEL SERVICES 
Retirements by Years Year Feet 
Year Installed Installed Service Retired — 
1938 installed Feet Year Feet Year Feet Year 1929 
5 1939 1929 4 1934 4 1935 8 1938 1930 
55 1940 
1939 
1930 12 1936 29 1937 9 1939 1932 
1930 21 1940 
1931 14 1936 77 1938 13 1939 1937 © 
1949 25 1940 1938 
1949 | 1936 1 1940 1939 
1940 
13-IN. GALVANIZED STEEL SERVICES 
— Retirements by Years = 
Installed Installed In Service Retired Year 
1929 iy 51 0 51 | Installed Feet Year Feet Year Feet Year 
1930 160 156 4 1929 80 1934 1 1935 12 1938 > 
| 55 95 2 1939 181 1940 
| 1932 231 230 1930 «19308 1939. 21-1940 
OF 1933 100 54 460 1931 1939 
145 1934 50 38 12 1932 1 1939 23 1940 
a) 65 46 19 1936 1 1937 6 1938 1 1939 | 
42 | 1939 370 370 0 | 1937 170 1937 16 1939 
0 0 0 1938 2 1938 
pr 940 1 1940 
299 TOTAL 4 


| 
| 
+ 
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COPPER SERVICES (contd, 


Vol, 3 


Year Feet Retirements by Years (contd. ) 
Installed Installed In Service Retired Vear 
1929 14 14 0 Installed Feet Year Feet Year Feet Ye, 
1930 5 5 0 1931 24 1931 2 1934 35 oy 
1940 0 20 1937 3 1939 2 
a 1932 2 1933 4 1934 16 49% 
TOTAL 19 19 0 13 1940 
1933 2 1936 7 
1934 1 1934 1 1937) | 
$-1n. Cast-IRON SERVICES 1935 1. 1937 5 1938 
Year Feet 1936 5 1936 18 1937 34 10% 
27 1939-11940 
Installed — Installed In Service Retiree 1037 12 1937 32 1938 50 40 
1930 117 117 0 6 1940 
1934 0 1938 4 1938 116 1939 
19350 22 0 1939-156 1939 
1937 72 14 1940 26 1940 
1940 : 23 23 0 
1-1IN. COPPER SERVICES 
Tora 279 265 I4 | Year Feet 
Installed Installed In Service Retire 
Retirements by Years 1928 252 ; 240 
: 1929 333 37 
Feet } 1930 3.814 3.792 
1937 14 1939 1931 1,310 1,293 17 
1932 $52 523 2 
1933 508 504 4 
?-IN. COPPER SERVICES _ 1934 2,218 2.152 6 
1928 243 240 3 1938 1,566 1,551 
1930 3,472 S55 1 17 1940 5,637 5,566 71 
1931 2,617 2.531 86 
1932 1,197 1,762 35) Toran 22,876 22,469 407 
1933 1,106 1,097 9. | 
1934 2,521 2,519 
1935 322 316 6 _ Retirements by Years 
193¢ 3,083 2,998 85 
3°550 100 Installed Feet Year Feet Year Feet Yew 
1938 6,054 5,895 159 1928 12 1940 
1939 8,662 8,470 192 1929 12 1931 25 1935 
1940 3,727 3,701 6 1930 7 1931 12 1938 3 19 
1931 17 1934 
Porat 37,494 36,654 840 1932 3 1933 26 1938 
1933 4 1939 4 
ia Retirements by Years 1936 5 1936 
: ( ) 937 938 0% 
Installed Feet Year Feet Year Feet Year 1937 “yd 16 1938 I 
1928 3 1934 1938 14 1938 1 1939 
1929 2 1934 2 1936 16 1939 | 1939 51 1939 
1930 15 1931 16 1934 1 1 1938 1940 71 1940 - 
46 1940 | —-- 


Ap 


= 


a 
7 
é 
: 


Vol.3 


ontd.) 
d.) 


Feet Yeo) 


2 19% 
16 193 


Retire 
12 
37 


1938 


CoprpER SERVICES 
Installed Installed In Service Retired 
1930 125 0 
1931 121 0 
1932 135 128 7 
1933 54 
1934 415 
1935 15 15 0 
1936 50 50 0 
1937 46 42 = 4 
1940 615 615 
Torat 1,576 565 
Retirements by Years | 4 
Year 
Installed Feet Year 
1932 
1937 4 tl 
13-1IN. COPPER SERVICES 
Year Feet 4 
Installed Installed In Service Retired 
1928 274, 274 
1929 
1930 364 60 
1931 185 “a 0 
146 0 
1933, 28 0 
1934 435 0 
1935. 169 1 
1936 125 0 
1937 0 
1938 494 0 
1939 1,167 98 


1940 341 


loraL 4,236 13 
i 


> 
Retirements by Years — 


Year 

Installed Feet Year Feet Year Feet Year 
1929 3 1934 7 1938 44 1940 
1930 40 1930 14 1934 3 1938 

3 1940 
1935 1 1937 
1939 98 1940 


Year 


Installed Installed 


1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 


TOTAL 


Year 


Installed Feet 


1930 
1935 
1937 
1938 
1939 
1940 


April 1946 seas PALM BEACH SURVIVAL AND RETIREMENT 


2-1n. CopPER SERVICES 


Feet 
In Service Retired 

523 460 63 
222 222 
231 231 
55 55 
980 980 
128 127 
250 250 
515 506 
360 354 
403 392 
860 859 
4,527 4,436 


Retirements by Years 


Year Feet Year 
3 1931 8 1938 
1 1939 
9 1937 
4 1939 2 1940 
1 1939 10 1940 
1 1940 


Year 


1940 


Feet 
52 


1-IN. GALVANIZED STEEL CEMENT-LINED 


Year 
Installed 


1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 


TOTAL 


SERVICES 
Feet 
Installed In Service Retired 
11,760 11,713 47 
5,212 5,101 111 
2,470 2,376 
645 468 177 
430 427 
1,305 1.735 70 
652 638 14 
1,000 976 24 
305 297 
1,006 917 89 
1,669 1,546 123 
1,186 1,162 24 
132 132 
16 16 Oo 
27,004 


27,788 


— 


|| 575 
34 19, 
50 493 
3 
+ 
66 | | 
0 
78 
51 
71 
407 | 
t Ve | 
193 | 
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1-In. GALVANIZED STEEL CEMENT-LINED 


lol. 


13-IN. GALVANIZED STEEL CEMENT-Lygp 


SERVICES (contd.) SERVICES 
Retirements by Years Fear Feet — 
Installed Installed In Service Retire 
Installed Feet Year Feet Year Feet Year 1927 11,900 11,900 0 
1928 3,072 
1927. 10 1930 37 1931 1929 92 0 
1928 17 1931 6 1933 48 1934 4939 111 
13.1937 27 1939 1931 771 0 
1929 33 1929 3 1930 1 1932 1932 of 167 0 
1 1935 7 1936 44 1938) 8 
5 1939 1934 29? i 
1930 5 1931 35 1934 1 1936 1936 249 0 
1 1938 4 1939 131 1940 4937 50 
1931 3 1935 1938 327 0 
1932 1 1932 9 1937 60 1939 19390 55 0 
1933 14 1939 1940 0 0 
1934 2 1935 22 1939 = 
1935 8 1939 Toran 17,053 17,053 0 
1936 46 1936 3. 1937 40 1938 
1937 83 1937 14 1938 4 1939 
22 1940 2-IN. GALVANIZED STEEL CEMENT-LINED 
1938 21 1939 3 1940 SERVICES 
a Installed Installed In Service Retired 
11-IN. GALVANIZED STEEL CEMENT-LINED 1928 1,139 1,110 29 
SERVICES 1929 739 725 24 
1930 341 141 200 
Year Feet 1931 aj 28 ty 28 0 
Installed Installed In Service Retired 1932 (Pigg 43 9 
1927 19,500 19,487 13 0 
1928 4,880 4,880 0 = 36 656 0 
1929 1,058 803 255 
1930 1.368 1,343 25 9360 01 201 0 
1937 ie 11 0 
1931 414 414 0 
1936 76 75 1938 44 0 
1940 0 0 0 1940 0 0 0 
ee 27,296 27,002 294 TOTAL 7,451 7,457 294 
; Retirements by Years 
Retirements by Years Year 
Kies Installed Feet Year Feet Year Feet Year 
Installed Feet Year Feet Year 1927 18 1932 3 1935 
1928 29 1929 
1927 13 1933 1929 8 1930 2 1934 14 1935 
1929 33 1934 222 1935 1930 200 1938 eS oe 
1930 25 1936 1932 9 1932 x 
1936 1 1936 1935. 11-1939 


~ 
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Ke 
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Vol. 
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Retire 
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Year 


1935 


Metals (British). 


Fluorosis and Dental Caries on Tyneside. 


R. WEAVER. Brit. Dental J. (Br.) 76: 29 
‘44). Nutrition Absts. & Revs. 14: 156 
'44). Water supply of North Shields ob- 


ined from Northumberland and contains 
ess than 0.25 ppm. fluorine. South Shields 
jbtains its water supply mainly from deep 
wells in magnesium limestone; recent sample 
ontained 1.4 ppm. fluorine. Dietetic habits 
{2 communities unlikely to differ very much 
wing to their close proximity and to similar 
indus, economic social conditions. 
Dental examns. made of 1000 school children 
from each of 2 towns. Incidence of dental 
caries in 12-yr.-old school children from 
South Shields 56% of that in children of same 
ie from North Shields. Intake of fluorine 
probably decisive factor.—W.P.R. 


Water Purification When Amebic Dysentery 
Is Prevalent. U.S. Army Med. Dept. Bul. 4: 


127 (45). Directives in India-Burma The- 
ater provide precautions in water purif. 
where amebic dysentery prevalent. Using 


std. mobile or portable water purif. units, 
following procedures should be used: coagu- 
lant dosage to give heavy, rapidly settling 
floc employing batch treatment with min. 
settling period of 1 hr.; filter rates restricted 
to 10 gpm. for portable units and 60 gpm. 
for mobile units; chlorination to residual of 
| ppm. Using Lyster bags, chlorine dosages 
must produce 1 ppm. residual after 10-min. 
contact; in addn. 1 ampule of calcium hypo- 
chlorite should be added then and 30 min. 
more allowed before using water. Max. use 
of subsurface waters recommended. Since 
boiling does not insure against recontamn., 
chlorination should always be last step in 
purif. process. Boiled water should be 
cooled before chlorination, as chlorine is 
dissipated rapidly from hot water.—Ed. 
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Key: In the reference to the publication in which the abstracted article appears, 34: 412 
Mar. 42) indicates volume 34, page 412, issue dated March 1942. If the publication is paged 
py the issue, 34: 3: 56 (Mar. ’42) indicates volume 34, number 3, page 56, issue dated March 
1942. Initials following an abstract indicate reproduction, by permission, from periodicals, as 
jollows: B.H.—Bulletin of Hygiene (British); C.A.—Chemical Abstracts; P.H.E.A.—Public 
Health Engineering Abstracts; W.P.R.—Water Pollution Research (British); I.M.—Institute of 


HEALTH AND HYGIENE 


Positive Influence of Water Supply on Health. 
MARGARET M. Murray & DAGMAR C. WIL- 
son. Lancet. (Br.) 23 (July 7, °45). Au- 
thors point out that nutritional research has 
increased knowledge of health value of min- 
eral contents of drinking water, and that 
implications of wholesome water must now 
be extended beyond usual neg. to 
promotion of health and good nutrition by 
insuring most favorable mineral content in 
domestic supplies. Three minerals important: 
calcium, iodine and fluorine. Widdowson 
has shown that about one-fifth (200 mg.) of 
daily calcium requirement may be obtained 
by drinking hard water, and there seems to 
be evidence that hard water protects against 
dental caries. Reduction of permanent hard- 
ness to 15-20 parts per 100,000 should satisfy 
health requirements and water should not be 
too unpleasant for domestic use; lower values 
would be satisfactory if other sources of 
calcium adequate. Association of low iodine 
content and goiter well known, but there are 
many waters in Great Britian with iodine 
content of less than 3yg./l.; for these areas 
use of iodized salt has been recommended. 
Other waters have high iodine content, and 
suggestion made that these could be mixed 
with waters of low content. Fluorine present 
in many British waters, and it may be possi- 
ble, by mixing waters from several sources, to 


stds., 


adjust content to about 0.5 ppm., level 
considered desirable in relation to dental 
caries. Instances quoted of villages in 


England which cannot use good water supply, 
either because it is not provided, or because 
arrangements for drainage do not exist. 
Conclusion is that individual water schemes 
cannot be planned efficiently on parochial 
basis.—B.H. 
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The Relation of Water Supply to the Preva- 
lence of Goiter. NORMAN J. HowarpD. Wrtr. 
& Sew. 83: 3: 23 (Mar. '45). Different in- 
vestigators have variously attributed prev- 
alence of goiter in certain areas to mineral 
content or presence of infective agent in 
water. Administration of I in proper doses 
has been shown of value in preventing thyroid 
enlargement, particularly in adolescents, but 
this does not necessarily prove it is deficiency 


disease. Evidence supporting parasitic the- 


ory appears conclusive, but incidence in 
adolescents high despite fact most large 
cities employ filtration and _ disinfection. 


Many supplies, however, derived from heavily 
pold. sources and infective agent, such 
virus, may remain after purif. Field 
research.—R. E. Thompson. 


as 


for 


Concerning the Value and Significance of 
Minimum Requirements for Hygienic Evalu- 
ation of Water. Kleine Mitt. fiir Wasser-, 
Boden-u. Lufthyg. (Ger.) 18: 115 (’42). Min. 
stds. set for drinking water; sometimes 
thought that raising such stds. has value for 
hygienic detn. of water. Presence of NH;-N, 
NO.-N, NO3-N, chlorides, Fe, Mn, COs, 
may in some cases indicate poln. of unde- 
sirable conditions for domestic use, but has 
nothing to do with the hygienic value of the 
water. In good water usually find nitrogen 
compds. below 10 ppm., O.C.12, Cl, 30, 
P.O; traces, SO; 60, KO rate, total hardness 
250, total solids 500; such waters suitable and 
variations in constituents should not be con- 
sidered of hygienic importance.— Willem 
Rudolfs. 


Epidemic Diarrhea, Nausea and Vomiting of 
Unknown Cause. Hopart A. REIMAN, JOHN 
H. HopGrs & ALISON H. Price. J. Am. Med. 
Assn. 27: 1 (Jan. 6, ’45). Discusses wide- 
spread prevalence of large and small out- 
breaks of mild acute gastro-intestinal disturb- 
ance observed in United States, Germany, 
Canada, England, Denmark, Australia and 
elsewhere. Very probably not a “new” 
disease entity, but almost certain that it is 
widespread communicable, endemic, sporadic 
and at times epidemic disease or group of 
diseases, apart from known forms of dysen- 
tery and acute food poisoning which, because 
of its mildness, usually passes unnoticed. 
Epidemics occur at all times of year but espe- 
cially in autumn, and in different groups from 
15 to 100% of persons involved. Incubation 


WATER WORKS ASSOCIATION 


of, 


Vol. 


period estd. as between 30 hr. and 7 day 
In majority of published reports symptom: 
in approx. order of frequency anorey 
nausea, vomiting, diarrhea, dizziness, achin; 
and abdominal discomfort or cramps. Cayg 
of disease unknown, but all who have Studie: 
it believe it to be infectious and communicabj. 
Food, milk and water often suspected, by: 
have usually been elimd. as sources. Ty 
outbreaks reported in detail. Probably a 
air-borne infection, but hand to mouth 
other means of transmission cannot be ¢. 
cluded, nor is it known whether it enter 
through respiratory tract or digestive trac 
In view of present uncertainty seems best ; 
report disease as nonseasonal, contagious 
and infectious, affecting predominantly gas 
tro-intestinal tract, and not caused by any, 
known infectious agents but possibly of vir, 
origin. H. O' Neill. 


Outbreaks of Disease in the United State; 
During 1943, Transmitted by Water, Mil 
and Milk Products, and Other Foods. US 
Pub. Health Repts. 60: 491 (May ’45). Lis 
of outbreaks of disease transmitted through 
water, milk and milk products and other foo 
products, as reported by the state healtl 
authorities in ’43, includes variety of enter; 
and other diseases and number of differen 
foods. Review of data reveals that disre. 
gard of fundamental san. principles cause 
considerable amt. of preventable illness and 
mortality in this country in '43. This repor 
deals only with outbreaks and therefore does 
not include all cases of diseases transmitted 
by water and food products. 380 such out- 
breaks reported in '43 caused approx. 24,00 
cases and 56 deaths. Although not as im- 
portant numerically as other diseases con- 
veved by means of food and water, botulism 
resulted in highest fatality rate, with 

cases and 7 deaths, in all of which source re. 
ported to be home-canned foods. Outbreak 
of botulism occurring in New Mexico, re 
ported due to eating of home-canned pump- 


kin, resulted in 4 cases and 4 deaths. Gas 
tro-enteritis and typhoid fever _ principal 
water-borne diseases. Most usual causes ol 


water-borne epidemics lack of, or improper, 
chlorination and inadequate protection o/ 
water supplies from surface drainage and 
seepage from sewage. Among most im 
portant sources of contamn. which caused 
milk and milk product outbreaks were lack 


or improper, pasteurization, improper! 


: 
Cr 
3 
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id 7 day wid: Outbreaks of Disease in the United States During 1943, ist 
symptom, - Conveyed by Water, Milk and Milk Products and Other Foods 7 
anorexi, 
achin Nur 
Caus ber Num- Num Principal Diseases Principal Food Involved or bs 
ve studie Out in Outbreaks Suspected Source of Water 
nunicable breaks 
me Water | 26 5,612; 15 Gastro-enteritis and | Public well, ra: well, private 
sbably: a | typhoid fever well, surface supply, irrigation 
mouth « ditch—principally untreated. 
i pe Milk and 10) 1,590 7 Diphtheria, food poi- Sweet milk, ice cream, cheese, milk 
ive tees milk soning, gastro-enter- shakes and buttermilk. 
yrod- itis, scarlet fever and 
is best tf | 
: ucts typhoid fever 
ON tagious 
map, Foods 285 | 13,938) 33 Dysentery, chemical or Home-canned mushrooms, toma- 
y of vir other bacterial food poison- toes, peas, pumpkin and string 
than ing, gastro-enteritis,,| beans; fish, ham, stew, soup, 
milk typhoid fever, para- meat, and egg salad sandwiches, 
prod- typhoid fever, scar-| chicken and dressing, eggs, cake, 
od State} ucts let fever, trichinosis | custard, potato salad, pie, shrimp 
fer, Milk and botulism salad, turkey dressing, sausage, 
dis. US raw oysters, souse, baked beans, 
5). Lis cream puffs, cream pastry, 
through creamed potatoes, chocolate 
ther foo emit eclair, tapioca pudding. 
f enteric] Undeter- 38. | 1 | Dysentery, food poi- 
differen|} mined soning, gastro-enter-| 
at disre} vehicle itis (including Salmo-| 
Caused nella infection), ty-| 
ness and phoid fever esti § 
is report ~ 
‘ore dos} Total 389 23,665 56 
nsmitted 
uch out: 
24,000 ceansing of utensils, bulk-milk contamn. refrigeration; infected food handlers; careless 


a and carriers. Food poisoning and gastro- or improper handling in prepn. of salads; 
| ; enteritis involved in 60° of milk-borne out- insufficient cooking; and possible infection 

breaks. Foods other than milk and milk by rodents and flies. Food poisoning and 


ae products responsible for 73% of outbreaks, gastro-enteritis were involved in 89% of food- 
athens 39% of cases and 59% of deaths. Some of borne outbreaks. Fable summarizes briefly 
ico, re] causes OF means of contamn. reported were — report issued by Div. of San. Eng. U.S.P.H.S. ; 
| pump. home-canned foods; lack of, or improper, Ed. 

rincipal CROSS-CONNECTIONS AND PLUMBING 
iuses ol 


Cross-Connections at Army Installations. causing intensive use of toilets, lavatories, 
H. H. Gerstern. U.S. Army Med. Dept. baths and showers during short periods 


ge and Bul. 4: 203 ('45). Some bldgs. converted for time. Under these abnormal conditions, 
st im | amy use have presented problems in cross- inadequacies in piping due to corrosion or too 


caused | Connection hazards. These hazards accen- small a size showed up serious hazards due to 
re lack} tated by army pop. several times greater plumbing defects which would not have been 
proper than contemplated in original design, thus recognized under normal civilian loads. At 


a 
A 


one hotel installation, demands on water 
system caused vacuums in hot and cold water 
supply piping as great as 10” of mercury. 
Recommended that undersized piping be re- 
inforced with addnl. supply lines to prevent 
vacuum in system. At another hotel in- 
stallation, flushometer valves were of a type 
which could easily permit back-siphonage of 
toilet contents. Here real health hazard 
existed because of frequent vacuums in 
heavily loaded hot and cold piping. As 
temporary measure to minimize hazard of 
back-siphonage, periods of use by troops of 
plumbing fixtures staggered to prevent nega- 
tive pressures in piping. Serious hazard of 
similar nature found in bldg. occupied by 
private school which contracted to train 
army personnel. Water supply system for 
this bldg. consisted of booster pump and 
pressure tank located in basement, which 
boosted water pressure sufficiently to supply 
plumbing fixtures up to 8th floor. Since 
school ordinarily closed on Saturday after- 
noon and Sunday, bldg. management shut 
off power to booster pump during this period. 
However, some students would work at 
school during this period to catch up in their 
studies and, while there, would use toilet 
fixtures. Reported that as fixtures flushed, 
water pressure would fall rapidly until it 
reached city pressure, which was only suff- 
cient to bring water up to the 4th or 5th floor. 
During such time, apparent that vacuum was 
formed in piping above 5th floor, and, since 
none of flushometer valves on toilets fur- 
nished with vacuum, possible to back-siphon 
contents of toilets into water supply system 
every time toilet on upper floors flushed and 
thus contam. water drawn from drinking 
fountains on lower floors. At time of survey, 
toilet on 8th floor stopped up and bowl full 
of water and feces up to top of rim, thus 
creating ideal condition for back-siphonage. 
Policy of army is to discontinue use of private 
well water supplies and use of secondary 
water from condensers and hydr. elevators 
because of possibility of either becoming 
contamd. and because of possible dangerous 
cross-connections between these systems and 
drinking water supply. At one installation 
abandonment of secondary water not feasible 
but hazard elimd. by post-chlorination. One 
of most serious conglomerations of plumb- 
ing defects found in water system in hotel 
occupied by army. These defects summa- 
rized as follows: (1) Small reservoir tank, in 
which hot condensate from heating system 
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stored, located in sump in subbasement , 
that excess condensate could overflow jn; 
sump. Hot condensate from reseryg, 
pumped into hot water system to make yy 
of hot soft water. Top of condensate reser 
voir located at el. below top of sump. Ny». 
ber of drains from various sources dischge 
into sump. If sump pump, which dischgg 
directly to city sewer, failed to operate, pogg 
ble for drainage wastes to fill sump an 
overflow into and pol. contents of condensay 
reservoir and from there be pumped into ho 
water system. (2) Similar but more serioy 
hazard would result from backing up 9 
sewage from city sewer into sump through 
sump pump dischg. (3) Branch from sum; 
pump dischg. line terminated in open en 
directly over open top of house water tank 
By opening valve on this line, possible, j 
check valve leaked, to pump sump wast 
into house tank. (4) Also possible for sewag 
from city sewer to leak back through sump 
pump dischg. line into house tank. (§ 
Connection in (4) installed to permit cop. 
denser water which normally flowed int 
house tank to be diverted into sewer and by 
that token exposed water in condenser ling 
to poln. from sewer through direct connection 
(6) Direct connection between sump puny 
dischg. line and hot water system for purpos 
of draining hot water system to sewer 
Through this connection, possible to pump 
sump waste into hot water lines. (7) Sewage 
from city sewers could also flow back int’ 
hot water system through connection de- 
scribed in (6). All new hospital fixtures 
purchased by army under specifications re. 
quired to be protected against back-siphon- 
age. Sterilizers, water stills, bedpan washers 
and dental fixtures all have vacuum breakers 
incorporated in fixtures. At one post where 
delivery of new dental fixtures could not be 
obtained, used dental fixtures purchased on 
market protected by installation of vacuum 
breakers in water supply connections. Sani- 
tarians and plumbers frequently overlook 
relative hazards from various types of plumb- 
ing defects and inclined to consider them all 
as being equally dangerous. Often impossi- 
ble, because of lack of funds, materials and 
labor, to correct at once all plumbing defects 
found. One must then evaluate relative 
hazards of various types of defective connec- 
tions and direct his efforts to correction, firs! 
of most dangerous defect, leaving those from 
which hazard more remote for later correc: 
tion. 2” cross-connection between 
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afe water and pold. river water many times 
more hazardous than faucet whose orifice 
sibmerged about 3” below rim of lavatory 
fxture. Efforts should be directed to break 
direct connection immediately and to cor- 
rection of other when time and funds permit. 
In making plumbing survey for purpose of 
fnding cross-connections and plumbing defi- 
cits in system, investigator will find suit of 
fatigue coveralls as essential as for carrying 
out thorough survey. Before looking for 
plumbing defects, important that flow dia- 
gam be prepd. which shows all booster 
pumps and reservoirs which carry flow of 
main potable water supply through system 
and which also shows piping layout and 
pumps and reservoirs on all secondary water 
supplies and other piping systems on prem- 
iss. Diagram will help investigator in 
deciding where to look for cross-connections. 
Process equip. then checked for submerged 
inlet connections and direct sewer connec- 
tions; plumbing fixtures checked for possi- 
bility of back-siphonage, pumps checked for 
priming connections and checks made for 
other types of plumbing defects. Mistake 
often made in investigating plumbing system 
suspected of causing illness is to place blame 
on first plumbing defect found in system. 
Illness might have been caused by infected 
food instead of by plumbing defects. Nec- 
essary to det. that conditions in system such 
as to cause plumbing defects to become opera- 
tive to cause poln. of system before placing 
blame on particular plumbing defect. Mere 
existence of plumbing defect not presump- 
tive evidence that it caused illness.—Ed. 


Double-Check Valve Performance. FREDER- 
ick O. A. ALMGuIST. W. W. & Sew. 90: 329 
(Sept. '43). Public Health Council of Conn. 
State Dept. of Health, on July 12, ‘26, 
adopted regulations regarding cross-connec- 
tions which stated, in effect: Reg. 118. After 
Dec. 31, '26, no phys. connection between 
distr. system of public potable water supply 
and that of any other water supply shall be 
permitted, unless such other water supply is 
of safe san. qual. and interconnection of both 
supplies approved by state dept. of health. 
... Provided: That where such phys. con- 
nections exist on Dec. 31, '26, and include 2 
gate valves with indicator posts, 2 check 
valves of design approved by state dept. of 
health with drip cocks and gages for testing, 
all located in vault of water-tight constr. 
readily accessible for periodic inspection, 
date of discontinuance may be temporarily 
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extended, with permission of state dept. of 
health. Number of mfrs. took advantage of 
provision in regulation and in '27, 162 check 
valved installations in 100 factories. Conn. 
State Dept. of Health does its own testing of 
check valve installations. Author gives 
types of check valves used, procedure for 
testing, difficulties in testing and results of 
8550 tests made on avg. of 156 cross-connec- 
tions from Jan. 1, '27, to June 30, '42, which 
showed 156 leaks in outside check valves, 19 
leaks in inside check valves and 7 in both 
check valves; since '29, only 1 installation 
found leaking in both check valves. ‘Tests 
first made every 2 mo., but for past 6 yr. 
once every 4 mo.—C.A. 


Vacuums in Potable Water Supplies. From 
San. Inspectors Manual. La. State Bd. of 
Health. Plbg.-Drainage Topics 4: 11: 2 
(Nov. '43). In '36, Natl. Assn. of Master 
Plumbers established research program at 
Inst. of Hydr. Research, State Univ. of Iowa, 
on back-siphonage and resultant poln. of 
water supplies. Conclusions: (1) Vacuum 
formations in water pipes not all explained in 
terms of simple siphon. Neg. pressures in 
complicated piping systems due to pressure 
loss by friction common. (2) Pold. water 
from few submerged inlet fixtures can pol. 
entire bldg. piping system and may reach 
street mains. (3) Vacuums in bldg. pipe 
systems can be caused by water hammer 
pressure waves, local restrictions in pipes, 
and stream condensation in hot water tanks. 
(4) Air flow through any opening in pipe 
harboring partial vacuum will reach max. 
value at 15” of mercury, but not increase 
with deg. of vacuum. (5) Separate water 
supply to submerged inlet fixtures not practi- 
cal and adequate means of elimg. water poln. 
danger because cross-connection enhanced by 
dual (safe and unsafe) supplies and it cannot 
be used for submerged inlet fixtures requiring 
sure water supply or for hot water fixtures. 
(6) Air inlets at tops of water risers and other 
points for vacuum prevention not proper 
soln. to back-siphonage problem. From 
pneumatic standpoint, entire prevention 
impossible, and air-inlet devices installed 
under const. water pressures entirely unde- 
pendable. (7) Correct and only soln. is 
elimn. and correction of individual unsafe 
fixture. Latter fundamental evil in plumb- 
ing system making back-siphonage possible. 
(8) Inlets should be raised above fixture top 
to distance equal to value from one of 2 
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formulas, G = 2D, or, G = 2} times square 
root of A, where G is gap in inches, D diam. 
of inlet, and A min. area of inlet. This will 
prevent siphonage and provide safety factor. 
Heights of gaps recommended for common 
fixture types: lavatory, 1’’; kitchen sink and 
laundry trays, 14”; bathtub, 2’. (9) With 
certain exceptions, raising inlets above over- 
flows connected to atm. directly or indirectly, 
not considered ideal solution. (10) Vacuum- 
breaking principle as defined herein has nec- 
essary requisites for proper soln. to back- 
siphonage problem. Proper application en- 
tails rigid requirements relating to vacuum- 
breaking device used. (11) Recommended 
vacuum-breaking principle acceptance as 
tentative std. for proper solution if vacuum 
breakers used meet all report requirements; 
and that such devices on actual installation 
be carefully observed several years to note 
performance characteristics before definitely 
accepting as std. (12) Tank closet with con- 
stantly submerged inlet nearly greatest back- 
siphonage hazard in plumbing system. Mfrs. 
should try to have entire float valve and 
water supply piping connections installed 
above tank overflow level if tank water sub- 
ject to sewage poln. Unless especially well 
designed, moving part vacuum-breaking de- 
vices not recommended in closet tanks be- 
cause of corrosive conditions. (13) Auto- 
matic flush valve fixtures should be protected 
from back-siphonage by incorporating: loose 
check valve in stop valve; stable unit piston 
in case of piston type valve; vacuum breaker 
between control valve and fixture meeting 
requirements; and no water supply connection 
to closet bowl below flush rim should be per- 
mitted. (14) Frost-proof closet presents 
such pronounced water poln. hazards that 
use under best conditions unsatisfactory. 
(15) Many hospital fixtures excellent ex- 
amples of water poln. hazards. (16) Special 
water supply and plumbing equip. mfrs. 
should avoid introducing back-siphonage 
hazards into designs and, where possible, use 
inlet-above fixture top. (17) Best way to 
elim. direct cross-connections with auxiliary 
private water supplies is to elim. wholesale 
presence of latter in bldgs. served with pub. 
supply. Regulations and inspections not 
entirely effective otherwise. (18) Directly 
connecting city water to cooling and con- 
densing systems in gas compressors, refrig. 
app., and air-conditioning equip. should be 
condemned. Re-use of such water in do- 
mestic supply systems of bldgs. unsatisfactory 


from san. standpoint. (19) Submerged ink 
water supply connections for air Washing 
cooling, humidifying and dehumidifyin 
should not be allowed. (20) In bldgs., wat. 
flowing in long pipe under gravity shou 
never be used again in domestic system « 
chance too great for its use for waste conne. 
tion. (21) Tests indicate vacuum Causing 
air flow through rim ports of closet bowls an 
urinals, or through or over surfaces likely 
have pold. liq. drops adhering, should not 
over 1’’ of water to prevent picking up ang 
carrying back such droplets as spray iny 
water-supply pipes. (22) Most vacuums ¢. 
curring in water pipes caused by imprope 
pipe sizing, fittings and valves introducing 
excessive friction loss. Properly sized ané 
installed water systems would prevent y 
least 90% of all vacuum formations, 


Ralph E. Noble. 


Cross-Connections in North Dakota. Wes 
LEY GILBERTSON. Plumbg.-Drainag 
Topics. 4: 8: 2 (Aug. ’43). Recent knowl. 
edge of plumbing-borne diseases emphasize 
to water works men insufficient to know water 
safe when leaving pumps or entering bldg 
Even more important and difficult to keep it 
safe until consumer reached. Direct or in- 
direct water poln. by direct or indirect cross. 
connections large prevention task because of 
large no. existing. Examples cited. Cross- 
connections elimd. in city of Bismarck, in 
state capitol bldg., and at Ft. Lincoln swim. 
ming pool. In Jamestown, 2 out of 5 air 
coolers installed with direct connections fron 
water to sewer. Most dangerous cross-con- 
nection type where fire or sprinkling system, 
using river water, directly connected to city 
water. Inasmuch as impossible to maint. 
constantly pressure differential between sys- 
tems, and closed valve of little protection, 
pold. water might be pumped into drinking 
water anytime. Recorded pressure gages in 
some water systems show remarkable pres 
sure changes by surges from heavy drafts of 
water at various points. Tall bldgs. and 
hotels often have undersized water supply 


piping.—Ralph E. Noble. 


Water Pollution. ANon. Mil. Surgeon 9 
335 (Mar. '43). U.S.P.H.S. Dist. office at 
New Orleans, La., reported diarrheal out- 
break, including 1 death and 1 typhoid fever 
case among dock workers, traced to contamd, 
water lines by overboard harbor water during 
fire drill on vessel. General practice to con- 
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nect ship fire protection lines to wharves 
water supply lines whenever “steam is down” 
and ship pumps inoperative. In particular 
instance, repair work on vessel piping system 
completed and steam developed to run 5 
pumps taking suction from harbor. Pumps 
operated about 1 hr. creating 100 psi. against 
50 psi. city pressure at wharves before realiz- 
ing city supply connection not broken. Three 
davs later, approx. 200 of 500 dock workers 
reported ill from diarrhea, with first symptoms 
in 24 hr. from time contamn. effected. 
Marked turbidity of water noted and coliform 
organisms found in 0.1 ml. of samples at 
wharves. Emergency chlorination used with 
mobile unit developing 10.0 ppm. residual 
Cl after thorough flushing. Chlorinated 
water held in system 48 hr. Officials recom- 
mended in future no connection for water 
supply or fire protection to ships made except 
through those with double check valve in- 
stallation. When ships’ fire pumps opera- 
tive, fixed connection to shore protected “by 


Precipitation of Copper From an Acid Mine 
Water. F.S. WARTMAN & A. H. ROBERSON. 
Rpt. Invest. U.S. Bur. Min. No. 3476. 16 
pp. (44). At most copper mines copper re- 
covered from waste waters by pptn. with 
scrap iron. When acid mine water contg. 
salts of iron and copper brought into contact 
with metallic iron, copper pptd. and equiv. 
amt. of iron dissolved, ferric salts reduced to 
ferrous salts, and sulfuric acid reacts with 
metallic iron to produce ferrous sulfate. 
Consumption of iron usually varies from 1 to 
1} lb. of iron per lb. of copper recovered. At 
Hornet mine of Mountain Copper Co., Calif., 
consumption of iron 5 to 6 lb. per Ib. of copper 
recovered. Series of tests made with water 
from Hornet mine and with synthetic mine 
waters to det. opt. conditions for recovery of 
copper. In one tests in which 
course of reactions between iron and Hornet 
mine water followed, effect of increased 
acidity investigated by adding 5 g. of sulfuric 
acid to some of samples. Reduction of ferric 
iron and pptn. of copper proceeded concur- 
rently. Ferric iron and copper reacted with 
iron more rapidly than did acid. Addn. of 
acid increased appreciably rate of reduction 
of ferric iron but had little effect on rate of 
pptn. of copper. Addn. of acid increased 
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double check valves permitted, provided 
fire pump dischg. valves or other pumps on 
ship drawing water from outboard sources 
sealed and provided that latter shall not be 
removed unless and until fixed shore con- 
nection broken.—Ralph E. Noble. 


A Cross-Connection Jinx. ANon. Am. City 
58: 7: 65 (July ’43). Lab. examns. of water 
samples taken from Entiat, Wash., supply 
showed periodically bad samples except for 
entire yr. of ’42. Investigation of previous 
records showed contamd. samples collected 
after water turned off for repairs. No shut- 
offs occurred during 42. Further investiga- 
tion disclosed 3 refrigerator units where cool- 
ing water from munic. supply discharged 
directly to sewer. Sewage may have been 
drawn into mains during low or negative 
press. During more thorough survey in 
surrounding Chelan Co. 32 similar connec- 
tions found. All subsequently corrected 
with air-gaps.—-F. J. Maier. 


appreciably total consumption ¢ In 
another series of tests effect of rate of stirring 
studied. Each of two 1-gal. samples of 
Hornet mine water kept in contact with 
piece of iron with area of 245 sq.in.; one 
sample stirred slowly and other rapidly. 
Portions of each sample withdrawn at inter- 
vals for anal. More rapid stirring increased 
rate of reduction of ferric iron and of pptn. of 
copper. In another series of tests effect of 
concn. of copper studied. Two synthetic mine 
waters used, one contg. 6.11 g. of copper and 
1.0 g. of sulfuric acid per |., and other contg. 
same concn. of copper and 2.0 g. of sulfuric 
acid per |. Ratio of copper to total iron in 
these solns. about 6:7, whereas in natural 
mine water ratio about 1:20. In synthetic 
solns. rate of pptn. of copper greater than in 
mine water but rate relative to rate of reduc- 
tion of ferric iron less. Another series of 
expts. made to det. rate at which dil. solns. 
of sulfuric acid attack metallic iron with and 
without coating of cement copper. Iron 
covered with cement copper attacked more 
quickly than clean iron; during first 8 hr. 
avg. rates of soln. of iron 0.020 and 0.027 g. 
per sq. diam. of iron surface per hr. for bare 
iron and for coated iron respectively. Two 
tests made to compare consumption of iron 


| 


42 
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copper incomplete. 


under lab. conditions with consumption at 
mine. In first test 23 sq.in. of iron surface 
exposed to 500 ml. of mine water; soln. 
stirred vigorously for 2} hr., when iron in 
soln. began to hydrolyze. Piece of iron re- 
moved, cleaned with wire brush and weighed. 
Total iron and copper in water detd. Amt. 
of copper pptd. 0.099 g. or 87.6% of copper 
Total iron in soln. increased by 
0.68 g. Piece of metallic iron decreased in 
weight by 0.72 g. Theoretical amt. of iron 
required to ppt. 1 g. of copper 4.07 g. In 
second test thin piece of iron with surface 
area of 21 sq.in. used to ppt. copper from 5 
110-ml. samples of mine water in succession. 
Total time of exposure of iron 6 hr. 5 min. 
Each sample of water agitated until iron in 
soln. began to hydrolyze. Total increase in 
iron in all solns. 0.692 g.; 110 mg. of copper or 
about 88.5% of copper present deposited. 
At end of test piece of iron with copper ad- 
hering dissolved in acid and total weight of 
iron detd. Ratio of iron consumed to copper 
pptd. based on gain in amt. of iron in soln., 
6.3 : 1, and based on loss in weight of piece 
of iron 8.35: 1. When excessive consumption 
of iron due to presence of unusual amts. of 
ferric iron in mine water, costs cannot be 
reduced by changing method of pptn. because 
reduction of iron and pptn. of copper proceed 
concurrently. Ferric iron could be reduced 
by filtering water through bed of marcasite 
but this treatment would be uneconomic 
with dil. mine water, such as that from Hor- 
net mine. Excessive consumption of iron 
due to acid can be reduced by controlling 
period of contact of iron with mine water. 
Other methods of pptg. copper tested. To 
1 1. of mine water, which had pH value of 2.2, 
added 4 g. of ground marble; after mixt. had 
been agitated for 10 min. pH value 4.0. Ppt. 
obtained contained 30% iron; it also contained 
10°; of copper originally present in mine 
water. Reduction in amt. of marble added 
reduced only slightly proportion of total 
copper present in ppt. Addn. of calcium 
carbonate to mine water cannot increase pH 
value much above 4.0 and therefore pptn. of 
Freshly slaked lime will 


present. 


- ppt. copper from mine water but nearly all 
iron and alumina pptd. at same time. ‘Treat- 
ment of mine water with calcium bisulfite 


suggested. 


When soln. of calcium bisulfite 


_ added to cold mine water from Hornet mine 
amt. of calcium sulfate pptd. when mixt. 


allowed to stand for 20 min. only 50° of 
of 


theoretical amt. After longer period 
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standing more calcium sulfate pptd. but ppt 
contamd. with copper. When mine wate 
heated almost to boiling point before calciym 
bisulfite added, about 80°; of theoretica| 
amt. of calcium ‘sulfate pptd. in 10 min. ang 
ppt. contained only trace of copper. After 
filtration to remove calcium sulfate, reasop. 
ably complete pptn. of copper could be ob. 
tained by boiling filtrate or by agitating 
filtrate by means of current of steam. Gentle 
warming of filtrate in vacuum or open to air 
or warming, with stream of air passing through 
filtrate to remove sulfur dioxide, did not ppz, 
copper. Soln. of calcium bisulfite prepd. by 
passing sulfur dioxide into suspension of 
calcium carbonate. Amt. of calcium carbon. 
ate required for prepn. of sufficient bisulfite 
to ppt. copper completely so much greater 
than theoretical amt. that it seems probable 
that pptn. due to adsorption rather than to 
stoichiometric reaction. Tests also made 
using hydrogen sulfide, calcium monosulfide. 
calcium polysulfide, ferrous sulfide, and 
sodium sulfide for pptn. of copper. Hydro- 
gen sulfide, in amt. slightly in excess of the 
oretical amt., required to ppt. all copper from 
samples of mine water. One ppt. obtained 
in this way contained, after drying, 42% cop- 
per and at least 15% sulfur soluble in carbon 
disulfide. Calcium monosulfide solid 
form and sodium sulfide in aqueous soln, 
proved satisfactory but not so good as hy- 


drogen sulfide. Calcium  polysulfide inef- 
fective. Freshly pptd. ferrous sulfide satis- 
factory when used in amts. large enough to 


reduce ferric iron and to ppt. copper. Fer- 
rous sulfide which had been prepd. dry not 
satisfactory.—W.P.R. 


Use of Activated Carbon in Water Treatment. 
Anon. Wtr. & Wtr. Eng. (Br.) 48: 469 (Aug. 
’45). Activated carbon can remove slight 
tastes and odors, can make dull water bright 
and sparkling and flat water more agreeable 
to palate. This is done with min. of attention 
and low cost. Vessels employed to contain 
granular activated carbon similar to rapid 
sand filters but any kind of filter can be used 
Grain size of 1'¢”’ offer little resistance to flow 
of water. Granular carbon can be used in 
de-chlorination. It acts as catalyst, accel- 
erating action between chlorine and water t 
form hydrochloric acid. Quants. are 0 
small that there is little change in pH. 
Chlor phenols can be removed completely by 
granular activated carbon. Activated car- 
bon filters should be employed in last phase 
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but ppt. of purif. after all other impurities have been R. Contamd. water 
» ae smoved. Slime can be removed from acti- allow insoluble oils to separate, treated wi 
cola carbon by back-flushing in normal lime to neutralize acidity and dischgd. 
a al If more drastic action required, 5°% Sanitary sewage treated in Imhoff tanks.— 
re 4 ‘adrochioric acid. 
ne ee also be used to re- Recent Experiences in Demineralizing Water. 
eae eve residues from micro-organisms. Full M. E. GiLwoop & V. J. CALISE, Pg wr 
i he benefit of adsorption properties of activated Water Conf., Eng. Soc. W estern ! mo 
‘an be obtained by using activated  ('44). Demineralizing units designed for 
Gentle rn in owd form: Normal dosage is flow rates of 4, 55, and 1000 gpm. of treated 
1 to air, car 5 opm Recent development is water described. Operating cost of demin- 
carbon in blanket form for  eralization ranges from 1¢ to 20¢ per 1000 
not Ppt. - ee na ob lake to inhibit growth of algae gals. depending on type of water treated, 
rH |b ve reservoirs.—H. E, Babbitt. compared to 80¢ to $8.00 per 1000 gals. for 
| com. distd. water. With water high in 
er Water Treatment by Proper Sewage and Cl, recycling effluent of H exchanger 
— oe Disposal. G. Hupson STRICKLAND. decreased mineral content of finished water. 
4 - 
robable Eng. Cont. Ree. 58: 10: 96 —C.A. 
to TNT Wastes From Shell-Loading Plants. 
interests. Too fre- Color Reactions and Disposal Procedures. 
reason for tolerating poln. based C. C. RucnHort, M. LEBosQuET jr. & 
considerations. Every waste WILLIAM G. MECKLER. Ind. Eng. Chem. 
ndered relatively inoffensive at a 37: 937 (’45). Study of problem of disposal 
of the. “spe for doing so rests upon of liquid wastes from TNT bomb- and shell- 
from rather than design loading plants including factors affecting 
a ted practice of using natural bodies of | conversion of TNT in these waters to colored 
a - : for disposal of sewage and it was. deriv. Natural degradation of TNT too slow 
— tt that ‘diln would take care of situ- for application to treatment of wastes. Small 
—  Semseel disastrous water-borne epi- quants. of either TNT or its colored deriv. 
to show there are reduce rate of biochem. oxidation in pold. 
to natural purif. Not only is water waters without reduction _of TN r. Acti- 
nt but also recreational vated-sludge treatment ineffective. Soil ab- 
ry ter bodies ‘and greater demand for sorption and activated-charcoal treatment 
waterways may be anticipated. found to be most promising procedures for 
- Not a quetion of sewage disposal vs. water removal of TNT from waste waters.—C.A. 
ry no Not ¢ 
q > ut of sewage disposal and water é 
est proper func- Electrochemical Purification of From 
ion.—R. E. Thompson. Af. KRASIL SHCHIKOV & L. M. Voicu- 
i KOVA. J. Applied Chem. (U.S.S.R.) 17: 242 
- Water Treatment at Koppers Company  ('44). (English summary.) Electrochem. 
— Kobuta, Pennsylvania. Paut J. removal of O from water at Fe electrodes 
— a. Pr : Ann Water Conf., Eng. Soc. based on cathodic reduction of O plus simul- 
all Pa, 83 (44) In of 1 Ib. of | taneous absorption of O by Fe(OH)» (formed 
“20 Ib. of steam, 35 Ib. of treated in electrolysis). Process leads to complete 
pe Wi “a and 1200 lb. of cooling water required. O removal from water. Cost less at in- 
a Dt ine summer months 110,000 gal. of creased temp. and decreased rate of flow of 
Ohio rate per min. 96°% of water in cell; at space rate of 15-20 L./hr. 
7 i i at 70-80° there are used 0.05—-0.06 kwhr. and 
ed in water untreated, except for intermittent at ave: 
chlorination for y 30-40 g. Fe per cu.m. of water.—C.A. 

‘ater Ch and partially soitene 
ny Spaulding psn (with dolomitic lime, Potable Sea Water. ANon, Engineering 
. soda ash and copperas), pH adjusted, and (Br.) 160: 395 (Nov. 16 45). ; Acct. of meth- 

eal luainn obtained with zeolite soften- ods of prepg. water fit for drinking from sea 
yD ers Four 350,000-Ib./hr. boilers supply 725 water by base-exchange process has been 
steam and require 65% make-up. issued by Royal Naval Scientific Service 
ais contamd. water dischgd. directly into Ohio through Ministry of Information. Early 
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from sea water after shaking for } hr. 
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work concerned with developing some form 
of still. In Visscher still heat of body utilized 
to evap. water in small boiler, under manu- 
ally induced vacuum, vapor being condensed 
in coil immersed in sea. In Ambrust cup 
method moisture in breath condensed in wet 
felt-jacketed container. Delano solar still 
utilizes solar radiation, while it has greater 
output than other two, its eff. depended on 
amt. of sunshine and was relatively fragile. 
In July °41, Director of Scientific Research 
approached Messrs. Permutit Co., Ltd., to 
co-operate in investigating base-exchange 
materials in treatment of sea water. Mixed 
barium-silver zeolite evolved. This mixed 
zeolite can be used for removal simultane- 
ously of chlorides and sulfates in proportions 
found in sea water. General principle of 
obtaining clear drinking water from sea 
water is to place charge of sea water and 
zeolite briquettes in flexible bag having lining 
of filter cloth. Water and briquettes shaken 
up and bag squeezed to drive treated water 
through filter cloth into receptacle, all sus- 
pended ppts. and zeolites being retained in 
bag. App. as finally agreed upon consists 
of flexible purifier made of rubberized fabric, 
9 chem. charges contained in rubberized 
fabric storage bag, and Perspex drinking 
receptacle in which rest of equip. packed.— 
H. E. Babbitt. 


Drinking Water From Sea Water by a 
Chemical Method. E. I. AKeroyp, E. L. 
HotMEs & A. KLEIN. & Wtr. Eng. (Br.) 
48: 556 (Oct. '45). Practical chem. method 
has been developed based on properties of 
ion-exchange materials. JIon-exchange ma- 
terial made having exchangeable silver (silver 


zeolite). This reacts with NaCl solns. in 

following manner: 

NaCl + AgeZ = NasZ + 2AgCl 
In Insoluble Insoluble — Insoluble 

solution solid solid solid 


Percolating technic of passing water through 
column of silver zeolite found impracticable 
owing to formation of silver chloride ppt. 
Shaking technic adopted; chloride soln. and 
powd. silver zeolite being shaken to keep all 
reagents and products of reaction in suspen- 
sion. Similar expts. on sodium sulfate solns. 
were carried out using ion-exchange material 
contg. barium zeolite. It was found that 
mixt. of silver zeolite and barium zeolite 
would remove dissolved chlorides and sulfates 
Re- 
moval of greater part of magnesium ions 
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another problem that had to be solved. |; 
was found that excellent magnesium remoyal 
could be obtained if mixed barium-silver 
zeolite were made by passing soln. of bariym 
hydroxide through silver zeolite. Mixed 
zeolite produced contained proportion of 
silver oxide. This was pptd. in situ in finely 
divided condition. More effective in removal 
of magnesium than artificial mixt. of silver 
oxide with either mixed or separate zeolites 
In constr. of app., chems. compressed into 
briquettes which became rock hard. Djs. 
rupting agent to break up briquettes when 
they came into contact with water was ae- 
tivated fuller’s earth. Final reagent con- 
sists of mixed barium-silver zeolite contg, 
quant. of pptd. silver oxide together with 
disrupter. In addn., small amt. of activated 
carbon to produce bright, clear drinking water, 
To facilitate briquetting process small amt, 
of graphite added. Best method of obtaining 
clear drinking water is to treat sea water and 
briquettes in flexible bag of rubberized fabric 
fitted with filter cloth. After shaking water 
and reagents, drinking water can be filtered by 
squeezing bag so that water passes through 
filter cloth. App. includes 9 chem. charges, 
each of which will produce } pt. of water, 
Over-all size is 3’"K Amt. of water 
provided by app. is six times as much as 
that which could be carried in tin occupying 
same space in airman’s pack.—H. E. Babbitt. 


Present Status of Fluorination of Municipal 
Water Supplies. A. E. Berry. Wtr. & 
Sew. 83: 3: 21 (Mar. '45). When drinking 
water contains excessive F, mottled enamel 
prevalent, but with concn. of about 1 ppm. 
dental caries less than when water contains 
little or no F. Latter indicates F is essential 
factor in tooth decay but does not exclude 
possible effects of other constituents. To 
obtain more direct information, addn. of F 
to water supply being undertaken at Brant- 
ford, Ont., Newburgh, N.Y., and Grand 
Rapids, Mich. Treatment commenced at 
latter Jan. 25, ’45, and will be started soon in 
other two. All 3 have gravity mech. filter 
plants and at each NaF of 90-95% purity 
will! be applied with dry feed equip. At 
Newburgh and Brantford, white powd. wil! 
be colored Nile blue to distinguish it from 
otherchems. Although application to filtered 
water considered best to avoid loss, point of 
application at Grand Rapids and Brantford 
will be immediately ahead of filters to facili- 
tate adjustment of dosage. ‘Tests at former 
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showed no appreciable loss when applied 
after coagulation and settlement but that 
loss occurred if added prior to coagulation. 
Cost at Brantford, with consumption of 4 
mgd., estd. at $3300 per yr. to increase F 
from something less than 0.2 ppm. to 1 ppm. 
Surveys of F content of Ontario supplies 
being made and dental studies contemplated 
at some places. Until more data available, 
not suggested that fluorination be adopted 
on wide scale.—R. E. Thompson. 


Purification of Water. Huperr L. OLIN. 
U.S. 2,362,022 (Nov. 7, 44). Water purified 
in 2-stage process with aid of Na bentonite, 
suspended in portion of water, making ap- 
prox. 5% suspension. This suspension added 
to major part of water using 15-125 ppm. of 
Na bentonite. If treated water does not con- 
tain enough bivalent cations to flocculate 
bentonite, they should be added as, e.g., 
CaO either before or after addn. of bentonite. 
Water agitated to promote flocculation and 
then left to settle out. Supernatant liquid 
drawn off and treated with 5-15 ppm. of a 
trivalent (Al or Fe) metal. After thorough 
mixing, water filtered or allowed to settle 
out and purified HO separated by filtration. 
—C.A. 


Water Treatment Saves Large Sums. 1. 
W. Histor. Ry. Age 118: 5: 270 (Feb. 3, ’45). 
Detailed survey made by New York Central 
RR. in '24 demonstrated that cost of loco- 
motive boiler maint. and fuel consumption 
varied directly with qual. of water used. 
This resulted in installation of treating facili- 
ties at 253 water stations, employing 34 lime- 
soda softeners, 78 liquid proportioners and 141 
bypass feeders. Present check indicates 
annual net saving of over $2,500,000. Suc- 
cess of locomotive water treatment program 
depends on uninterrupted addn. of proper 
chem. treatment and following of prede- 
termined blow-down schedule.—R. C. Bard- 
well, 


Use of Activated SiO, in the Coagulation 
of Highly Colored Water. Rk. E. Noreus. 
Paper Trade J. 120: 11: 45 (45). When Na 
silicate treated with various chems. to release 
most of SiOz from alkali, aged for some time, 
and then dild. at some point before micelles 
have become large enough to form a gel, 
activated SiOz formed which has been found 
to improve coagulation of water greatly. 
Use of this material in treatment of highly 
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colored soft water¥has resulted in lower 
settled effluent turbidities, lower filtered 
water colors and increased filter runs. These 
improvements attributed%to much lower 
effluent turbidities resulting from heavier, 
faster-settling coagulation.—C.A. 


The Purification of Emergency Water Sup- 
plies. Report by the British Water Works 
Association Technical Advisory Committee on 
the Pollution, Purification and Treatment of 
Water Supplies. Off. Cir. Br. W.W. Assn. 
24: 233 (42). To simplify application of 
methods for purifying emergency water sup- 
plies, sources of such supplies divided into 
2 classes. Class I comprises all surface waters 
and certain pold. underground waters which 
may contain suspended matter and require 
clarification. Class II includes underground 
waters which might or might not be bac- 
terially pold., but which do not contain visible 
suspended matter. Disinfection only treat- 
ment required for such waters. Where use 
of heavily pold. water would be necessary in 
emergency, recommended that suitable meth- 
ods of treatment be ascertained in advance as 
std. methods of treatment not suitable. Fil- 
tration recommended for clarifying waters of 
Class I, but when filtration plant not avail- 
able, water should be treated by addn. of 
alumino-ferric and settling. Details of proc- 
esses recommended given in Part II of report. 
Dose of 5 g. alumino-ferric per gal. recom- 
mended for coagulation in most waters. If 
waters acidic, addn. of finely powd. or pptd. 
chalk necessary before alumino-ferric added. 
For disinfection 120 g. of “Stabochlor’’ (sta- 
bilized bleaching powd. contg. 34-36% avail- 
able Cl) made into thin cream and added to 
100 gal. clarified water. After stirring and 
allowing to stand for 15 min., test for residual 
chlorine made by adding cadmium or potas- 
sium iodide and starch soln. to sample of 
water. If blue-black color does not develop, 
chlorination should be repeated. If residual 
chlorine detected, water may be de-chlorinated 
before use by addn. of 3 fluid oz. soln. contg. 
1 lb. sodium thiosulfate per gal—W.P.R. 


Small Schemes for Water Purification. 
P. J. McCartuy. (A paper presented before 
Inst. of Civ. Engrs. of Ireland.) Civ. Eng. 
(Br.) 38: 224 (Oct. ’43). Water purif. com- 
paratively new science, having been studied 
since about 1860. Mech. filtration developed 
in U.S. Difficulty of obtaining information 
from text books easily understood since type 
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of plant usually described some single plant 
in England or abroad which daily filters 
enough water to supply whole of Ireland. 
Following suggestions deal with schemes pro- 
viding 200,000 gpd. (Imp.) Impurities in 
water, usually removed by filtration, in sus- 
pension and soln. For dissolved impurities, 
such as lime and magnesia, chem. agents 
employed. Natural filtration means utilizing 
well-known purifying properties of earth to 
remove impurities from water. Natural purif. 
of high std. and ideal solution under favorable 
circumstances. Usefulness of slow sand filters 
limited and with advent of mech. filter, fallen 
out of favor. Qual. of crude water and rate 
of filtration have definite bearing on qual. and 
size of sand used. Sand which will pass 35” 
ring with about 80% larger particles, satis- 
factory in slow sand filter. Sand should be 
renewed when depth reduced to about 12” 
thickness of bed. Adoption of slow sand 
filters confined to waters not heavily pold. 
Important accessory to most filter schemes is 
settling tank. Uneconomical to provide fil- 
ters to do work that can be done in plain 
tank by sedimentation. Jbid. 38: 251 (Nov. 
43). Application of Chemicals to Crude Water. 
Chems. added previous to filtration known as 
coagulants. Alum commonest chem. used. 
Sulfuric acid, occasionally recommended for 
lowering pH, not safe liquid to use except 
under expert supervision. On small schemes 
usual method of controlling dosage is to mix 
soln. of known strength and inject it into 
water at fixed rate. Type of treatment em- 
ployed for water of high temporary hardness, 
heavy poln. and high bact. content, commonly 
called ‘‘excess lime process,’’ which combines 
softening and sterilizing. Probable that on 
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small schemes gravity filter more satisfactory 
than pressure type.—H. E. Babbitt. 


Problems of Water Hygiene. K. Scutirp. 
Off. Gesundh-Dienst (Ger.) 7: 2: 41 ('41): 
Gesundheits Ing. (Ger.) 64: 600 ('41). Dis. 
cusses various regulations adopted at different 
times with regard to san. condition of water 
supplies in Germany. 
supply on north German plains difficult. [py 
region of river Weser, streams often have high 
content of salt owing to discharge of potash 
waste waters. Salinity, presence of high con- 
tent of iron, often combined with humic acids 
difficult to ppt., occurrence of peaty water and 
presence of aggressive carbon dioxide comprise 
main problems of dist. Small quants. of 
water disinfected by boiling or filtering. Qn 
large scale, disinfection usually by filtration 
and chlorination. Water contg. more than 
100 bacteria per ml. should be chlorinated, 
Chem. examn. shows that water used for sup. 
ply in northwest Germany frequently contains 
as much as 20-40 mg./l. iron; this condition 
promotes growth of iron bacteria in water sys- 
tems. Drinking water supplies should not 
contain more than 0.1 mg./l. iron. Cases of 
lead poisoning caused by water supply occur 
sporadically in Oldenburg region, where large 
amts. of salt present; even in ground water of 
Weser region contents of 200 to 300 mg./| 
produced by discharge of potash waste waters 
Worse conditions prevail in Oldenburg- 
Friesian dist. Thus, water of poor qual. often 
supplied for drinking purposes. Ground wa- 
ters of North Sea Islands less saline, as rain 
water which has filtered through sand dunes 
forms upper layer over the salt water.— 


W.P.R. 


Conditions of water: 
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